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CHAPTER 1

An Analysis of a Concept Attainment Task

Most of the research described in these pages involved a single kind

of problem. The subject--a first, second, third, or fourth graderwas

confronted with an instance of a phenomenon. His task was to discover the

necessary and sufficient conditions for the occurrence of the phenomenon.

This he did by making a series of observations, or experimental tests, in

which he varied features of the situation to determine which were associated

with the presence of the phenomenon and which were not. When he was satis-

fled that he knew, he described the necessary and sufficient conditions in

words. The kind of task which has just been described is often called a

concept attainment problem. In this language it is said that the subject

is shown a positive or "focus " instance; that he selects instances;

receives feedback as to whether. the. instances are positive (show the

concept) or negative (do not show the concept); and, as soon as he can,

names the concept.

Descriptiog,of the class of problems

A concrete example will serve to illustrate the type of problem pre-

'anted to the child and the sort of behavior expected from him. The

materials consisted of eight 2-1/2 X 3-1/4 in. cards taped in an orderly

arrangement on a 16 X 18 in. Masonite panel. The cards had figures

inscribed upon them that varied with respect to number (one figure or two

figures), color (red or green) and form (box or diamond). Fig. 1.1
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contains a representation of the card array. The coded description of

each card (e.g. 1RD, 2GB) was not included in the materials the child saw.

The following instructions were read to the child:

I will think of a secret and point to one card that shows

my secret. You pick cards to figure out my secret. Each time

you pick a card I will tell you whether or not it shows the

secret. As soon as you are sure you know, tell me the secret.

The "secret" was one of the 27 different concepts which can be

formed wish the card array (and the other materials described later),

disallowing relational and disjunctive concepts. There is one 0-dimensional

concept (all the cards) and there are six 1-dimensional concepts, twelve

2-dimensional concepts, and eight 3-dimensional concepts. The 27 possible

concepts and the positive instances of each are listed in Fig. 1.2.

The problem migbt involve any one of the 27 possible concepts. In

no case did the child know which aspects nor how many aspects of the

stimulus were discriminative. He began only with a positive or "focus"

instance. It was not enough that the child say the "right answer." Tc

be counted as having solved the problem, the child had to choose a set of

cards and state a concept such that the set of cards logically implied the

concept he stated and no other.

Compare the following two protocols. The only difference between them

is with respect to event #4.

Child A

1. The experimenter reads instructions then points to 1RD indicating

that it "shows the secret."

2. The child points to 1GD.

3. The experimenter says "No, that (indicating 1GD) does not show

my secret."
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Concept name

All the Cards

One
Two
Red
Green
Box
Diamond

One Red
One Green
One Box
One Diamond
Two Red
Two Green
Two Box
Two Diamond
Red Box
Red Diamond
Green Box
Green Diamond

One Red Box
One Red Diamond
One Green Box
One Green Diamond
Two Red Box
Two Red Diamond
Two Green Box
Two Green Diamond

Positive instances

All the Cards

1RB,

2RB,
1RB,
1GB,
1RB,

1RD,

1RD, 1G13,

2RD, 2GB,
1RD, 2RB,
1GD, 2GB,
1GB, 2RB,
1GD, 2RD,

1RB, 1RD
1GB, 1GD
1RB, 1GB
1RD, 1GD
2RB, 2RD
2GB, 2GD
2RB, 2GB
2RD1, 2GD

1RB, 2RB
1RD, 2RD
1GB, 2GB
1GD, 2GD

IRB
1RD
1GB
1GD
2RB
2RD
2GB
2GD

Fig. 1.2. Possible concepts with the card array materials.

1GD
2GD
2RD
2GD
2GB
2GD



Ri

Anderson 5

4. The child points to 1GB.

5. The experimenter says "No, "

6. The child points to 2RD.

7. The experimenter says "Yes, "

8. The child says "The secret is Red Diamond."

Child B

1. The experimenter reads instructions then points to 1RD indicating
that it "shows the secret."

2. The child points to 1GD.

3. The experimenter says "No, that: (indicating 1GD) does not show my

secret."

4. The child points to 1RB.

5. The experimenter says "No, ..."

6. The child points to 2RD.

7. The experimenter says "Yes, ..."

8. The child says "The secret is Red Diamond."

Child B has solved the problem, that is, he has completed a series of

observations which can be taken to prove that the concept is Red Diamond.

Child A stated the correct concept, but the observations he made did not

logically eliminate the possibility that the concept was Red.

Rationale for the study of a class of problems

Generic definitions of problem solving are valueless since problem

solving is a family resemblance term. There are several reasonable and

customary usages of the term and a variety of tasks which are called

111.41111/., 4.
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problems. For this reason there will be no attempt to justify the task

chosen for intensive study in the present experiments by appeal to pur-

portedly generic definitions of problem solving.

Rather, the defense is that the task described on the preceding pages

is a representative of a peculiarly important class of tasks. The task

entails a pattern of inductive inquiry that has been important in the rise

of modern science and also plays a role in such practical problem solving

as medical diagnosis and the trouble shooting of malfunctions in comp:ex

equipment. Bruner, Goodnow, and Austin (1956), whose provocative book

Alludiof Thinking laid the groundwork for the analysis of concept

attainment, employed the case of a neurologist interested in pattern vision

in the monkey to illustrate the parallel between inductive inquiry in

science and a task such as a card array problem. "More specifically,

[the neurologist] is interested in six cortical areas and their bearing

on pattern vision. He knows that, with all six areas intact, pattern

vision is absent. His technique of research is extirpation. In planning

his research, how shall he proceed? Destroy one area at a time? All but

one at a time? In what order shall he do his successive experiments?"

(p. 81)

Suppose the neurologist destroys five of the six cortical areas and

finds that pattern vision is absent. This experiment has proved exactly

nothing. The neurologist knows that one or more of the cortical areas

is essential for pattern vision, but he knew that to begin with. Suppose,

on the other hand, the five cortical areas were extirpated and pattern

vision were unimpaired. If this were the case, the problem would be solved
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in one fell swoop. The remaining area must be the one and only area

necessary for pattern vision (provided it is not true that one or another

of several areas can maintain adequate pattern vision; in other words

that pattern vision is absent only when each involved area is destroyed).

An alternative strategy is to extirpate one cortical area. If, as

a consequence, pattern vision is absent, the experiment has proved that

the involved cortical area is essential. If pattern vision is unimpaired,

then the area which was extirpated is irrelevant to pattern vision.

Unlike the strategy of destroying five areas at once, the strategy of

destroying just one guarantees that useful information will be obtained

regardless of the outcome of the experiment. On the other hand, it would

be impossible to solve the whole problem with just one experiment using

the latter strategy.

Bruner and his associates have made much of "risk regulation" as a

function served by a problem solving strategy. In the process they have

underestimated the risk of loss of information involved in a "gambling

strategy." While the neurologist who destroyed five areas of the cortex

might be lucky enough to discover the one cortical area essential for pattern

vision, then again he might not be. So long as in reality exactly one

cortical area was necessary for pattern vision, the strategy of extir-

pating some set of five areas at a time would be as efficient--no more,

no less--as extirpating one at a time. Suppose, however, that two

independent cortical areas have to be intact for pattern vision to

be present. If this were the case, the problem could never be solved by

destroying sets of five areas at a time. Pattern vision would always
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be absent and there would be no way to tell which cortical areas were

involved. If only four areas were destroyed at a time the same problem

would arise should it happen that three of the cortical areas were

necessary for pattern vision. Even supposing that exactly two of the six

cortical areas were involved in pattern vision, it would be inefficient

to locate them by destroying four areas at a time. There are 15 different

combinations of six things taken two at a time. Nothing will be learned

from any of the experiments in which pattern vision is absent because

there will be no way to tell which cortical area is responsible. Thus it

could take as many as 15 experiments to find the single case in which four

areas have been destroyed but pattern vision remains intact. It would take

six experiments at most to discover the cortical areas that control pattern

vision using the strategy of extirpating one area at a time and, unlike

the strategy of destroying several areas at once, this strategy would

work successfully no matter how many areas were actually involved.

The notion developed in the preceding paragraphs is that the optimum

strategy for solving concept attainment problems is to vary or manipulate

each factor in succession while holding all other factors constant. This,

of course, is the classical strategy of experimental science. It has

been called the Method of Difference by John Stuart Mill, who was among

the first to analyze inductive methods rigorously. Stebbins (1888, p.

120) wrote the following about the Method of Difference in Analysis of

Mr. Mill's System of Logic:

"Canon - -If an instance in which the phenomenon in question

occurs and an instance in which it does not occur have every
other circumstance in common save one, that one occurring only

in the former, - -that circumstance in which alone the two
instances differ, is the effect or the cause of a necessary

part of the cause, of the phenomenon.

AkAAAA.A.A.AWANA r-VGAAA04,....A.MAA
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The principle is that of comparing an instance of the
occurrence of a phenomenon with a similar instance in which

it does not occur, to discover in what they differ.

Remarks: --

1. This method is more particularly a method of artificial
experiment (its ordinary use being to compare the condition

of things before, with those after, an experiment),

because--

2. It is commonly employed to determine the effects of given

causes; and because--

3. The instances which it requires are rigid and definite- -

they must be exactly alike, except that in one the
phenomenon must be present and in the other absent.

4. If this method is inapplicable, it is usually because

artificial experiment is impracticable.

5. It is the only method, of direct experience, by which

laws of causation can be proved.

6. If the instances fulfill exactly the requirements of the

Canon, this method is perfectly rigorous in its proof."

The metholl of varying each factor in succession while holding all

other factors constant is the most efficient strategy there is for attaining

concepts. A concept can always be attained using this strategy in exactly

as many trials (experiments, observations) as there are variables (factors,

stimulus dimensions) to be processed. Any other strategy will on the

average (assuming there are no predictable constraints on the nature of

the concept to be attained) require more trials than there are variables.

The superior efficiency of the Method of Difference follows from the well-

known theorem of information theory that the most efficient information

processing procedure is the one that reduces the set of possible concepts

by exactly half at each step. The strategy of studying each factor holding
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all other factors constant is the only strategy for attaining conjunctive

concepts that reduces the set of possible concepts by exactly half at

each experiment. Consider the pattern vision illustration. Each of six

cortical areas either is or is not relevant to pattern vision. Thus,

there are 2
6 combinations, or concepts, each representing the relevance

of one or more areas and the irrelevance of the rest.
1

One area is

extirpated. If pattern vision is irpaired the half of the combinations

which do not involve the extirpated area can be eliminated. On the other

hand, if pattern vision is intact, till half of the combinations which do

involve the extirpated area can be discounted. In either event, 25

combinations will remain possible. The next experiment involving the next

cortical area will reduce the number to 2 , the next to 2 , and so on

until the problem is solved. As already explained a strategy that entails

simultaneous variation on more than one factor at a time will sometimes

reduce the possible concepts by more than half but that more frequently

less than half will be eliminated and that such a strategy is ori the

average less efficient than the strategy of varying only one factor at a

time.

Superficially, the complex designs science frequently employs may

seem to violate the maxim that simultaneous variation of several factors

is inefficient. Consider the factorial experiment of social scientists

for instance. Here the counterbalancing makes it possible to contrast

1Actually there are 2
6-1 combinations, or concepts, since the case

in which none of the areas is relevant can be eliminated on the basis

of the givens of the problem.
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the levels of a single factor. The counterbalancing is the logical

equivalent of holding all other factors constant.

The purpose of this section has been to construct a rationale for

the intensive study of a kind of problem. The chief argument has been

that the concept attainment task is a representative of a large and

socially-important class of problems. Other representatives of the class

include certain forms of scientific inquiry, medical diagnosis, and trouble

shooting. Another conclusion is that, despite the inference permitted

by previous investigators, there is an optimum strategy for the solution

of concept attainment problems.

Limits of the analogy between the concept attainment
task and a larger class of problems

Much of the really critical genetic research during the last

century was completed with eweet peas, fruit flies, and bread mold. These

organisms were employed--instead of, say, oak trees and elephants, or

people--mainly because they are convenient to study. It was an article

of faith that the hereditary mechanisms underlying, for instance, the

presence of curly wings or straight wings in the fruit fly would shed

light on the genetics of living things in general.

The concept attainment task is intended as a Drosophila, more easy

to study than other representatives of the class of problems. Thus far the

attempt has been made to show that the essential logic of a concept

attainment problem and a problem in scientific inquiry, if not identical,

have much in common. However, there are differences.
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The first difference is that the person working at a concept attain-

ment task begins with a well-defined system whereas defining the system

to be investigated is the first problem in problem solving more generally.

The "system" is the set of interacting variables. A system is "well-defined"

for a person when he can enumerate the potentially relevant variables

(e.g. list the areas of the cortex that might control pattern vision),

name the values each variable may take on (e.g. answer the question "What

are the different colors these cards show?"); find or create the exemplifying

instances given the name of any concept (e.g. respond to the request "Find

the compound, pinate leaves."); name the concept given any complete set

of exemplifying instances (e.g. answer the question "These cards (1RB,

1RD) show the secret; what is the secret?").

A second difference is that in the concept attainment task, at least

the form employed in the present research, the instances are physically

arrayed in front of the subject. In contrast, the scientist who is trying

to "attain the concept" of the necessary and sufficient conditions for the

occurrence of a phenomenon seldom has all the possible instances available

within his visual field from the start. He must create or search out the

instances. Let us be perfectly clear. An "instance" is the combination

of one value from each of the factors in the system. A card showing 2RD

is an-instance in a system of cards with figures inscribed upon them that

vary with respect to form, color, and number. An organism with two speci-

fied areas of the cortex extirpated and four others intact is an instance

in a system involving the extirpation or nonextirpation of six cortical

areas. The pattern vision problem could be made just like the card array
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problem if, in advance of checking impairment of vision, each of 64

organisms were prepared with one of the 64 combinations of destruction and

nondestruction of the six areas of the cortex. These instances could then

be arrayed in front of the investigator. Or, the transformation could be

made the other way around. The card problem could be made like the pattern

vision problem if the person were given pencils with green and red lead

and templates for constructing a box or a diamond.

In the concept attainment task--unlike otherwise similar representa-

tives of the general class of problems--the instances are physically

arrayed in front of the problem solver. According to Piaget, this should

make a difference for children since they are said to be unable to

"conceive combinatorial possibilities." Translating this into operational

language, it refers to the behavior of producing or creating instances

which will meet the logical requirements for problem solution. Anderson

(1965) found that children who received training did very well on problems

in which the instances were physically arrayed in front of them but less

well on problems in which the instances had to be created. It would be

interesting to find out if this occurred because of lack of skill in

producing instances or for some other reason. Ore of the experiments

reported later investigated this issue.

A frame of reference

It is popularly said that people "employ strategies" to solve problems.

Terms such as "strategy," "plan," "decision," and "hypothesis" are redolent

of volition, conscious ego control, and awareness. The customary language



of those involved in problem solving research tends to make a person

visualize problem solving as a series of deliberate decisions of which

the problem solver is aware. It nay be that behavior that is accompanied

by awareness and a sense of volitional control is different from or even

more adaptive than other behavior. The evidence seems to indicate, for

example, that people whose verbal behavior is modified by a social reinforcer

will later be able to describe the class of responses that was reinforced

(Spielberger and DeNike, 1966). Nonetheless, the causal role, if any,

that is played by "awareness" is obscure. If awareness means anything

useful it refers to implicit verbal and, perhaps, nonverbal behavior.

The person "says something to himself." This response has stimulus propertie

which could in part control subsequent behavior. "Listening to one's self"

say something should be approximately equivalent to hearing someone else

say the same thing.

It hardly seems inevitable that implicit verbal and nonverbal

behavior is of overriding importance in problem solving. The controlling

variables may operate directly on publicly observable behavior without

mediating chains of implicit responses. This is a position which, for

several reasons, investigators in the area of problem solving are dis-

inclined to believe. One reason is to be found in the prevailing language

of discourse.

It is often said that a subject "applies a rule." Usually such an

ascription is entirely metaphorical. If a rock is thrown into the air,

there is a one-to-one correspondence between a set of points in the air

that mark the flight of the rock and the set of points on a graph that
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satisfy some equation. It would not be said that the rock was "applying"

the equation nor that there was a mechanism in the rock programed according

to the equation. The state of physics being what it is, these ascriptions

are not likely to be made. Such ascriptions are made by psychologists and

educators, especially when the subject of discussion is problem solving.

The difficulty lies in the confusion between the literal and metaphorical

senses of the phrase to "apply a rule."

A person is "applying a rule" only when he completes a specific chain

of verbal responses. For instance a person faced with the problem below

could be said to "apply a multiplication algorithm" if he ran off the

following chain: "four times four is sixteen (writes 6)--carry one--four

times one is four, plus one is five (writes 5 to the left of 6)--four

times three is twelve (writes 12 to the left of 5)."

314
X4

If no one observed a chain of responses such as this it still might be

imagined that the person applied this multiplication algorithm. However it

would be entirely possible that he applied some other algorithm (e.g.

"four times 300 is 1200--four times 10 is 40, 1240--four times 4 is 16,

1256"). And it is possible, though perhaps not likely, that the stimulus

controlled the response directly, that the person got the answer without

applying an algorithm. Notice that the larger multiplier consists of the

first three digits of u . Some people have learned the products of w

and single-digit numbers much like they learned the multiplication tables.
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In other cases it is completely misleading to say that a person is

"applying a rule." There is, for instance, no useful sense in which a

baseball outfielder who catches a flyball after a long run can be said to

be applying the laws of physics. If he were applying laws of physics he

would be substituting estimated values into equations in order to determine

the course he should take to intercept the ball. He does no such thing.

His behavior is under more direct stimulus control. It is permissible to

say that the outfielder behaves as though he were applying rules of physics.

However the person who allows himself to drop the "as though" runs the

risk of entering epistomological quicksand.

Those who study language seem fascinated by the paradox they have

created for themselves: children apply rules of grammar yet children

know no rules of grammar, indeed, really no one but linguists do. Herein

lies another example of confusion between the literal and metaphorical

senses of the phrase "to apply a rule." A native speaker of a language

seldom applies rules of grammar when he utters well-formed sentences in

ordinary conversation. The same person may apply grammatical rules some of

the time when writing a manuscript, and he almost certainly does when he

later edits the manuscript.

To the present author's way of thinking, talk about "strategies,"

the "application of rules," and the "testing of hypotheseS" is not objection-

able primarily because it is speculative or because it refers to purported

events which are unobservable. The big problem with constructs such as

strategy is that they beg the most interesting questions.
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Problem solving behavior can be understood in the following terms.

The more or less organized sequences or patterns of behavior, popularly

called strategies, that seem to comprise much problem-solving behavior at

a molar level of description, are hypothetically under stimulus control

of two kinds. First, especially on the part of the good problem solver,

behavior is under discriminative control of relevant task and problem cues,

those present at the beginning and, depending upon the kind of problem,

those cues that emerge during the course of work on the problem. Second,

problem-solving behavior is partly controlled by response-produced stimuli,

including, perhaps, intraverbals or other forms of mediation. Reinforcers

of several kinds - -for instance, we might suppose, what Polya (1954) calls

"signs of progress" - -act to increase the likelihood of certain forms of

the behavior that is emitted during the problem-solving episode. If

there is an orderly relationship between the contingencies of reinforcement

operating during problem solving and the criteria for problem solution,

then the problem-solving episode is a sort of microscopic natural-selection

process. Presumably, three processes - -discriminative control of problem-

solving behavior by task cues, control of behavior by response-produced

cues, and selection of forms of behavior by reinforcement - -are sufficient

to account for the coordinated, purposeful character of some problem -

solving behavior that has seemed so salient to many students of problem

solving.
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A functional-behavioral analysis, of a problem-solving skill

A rough distinction will be made between a functional and a behavioral

analysis. A functional analysis deals with molar processes and skill

components. The emphasis in a functional analysis is on the task and on

the processes which must be assumed in order for the task to be accomplished.

The behavioral analysis attempts to detail the specific chains of responses

and indicate the controlling variables at every step. The analysis will

begin at a functional level and progress to a behavioral one.

The person attempting to solve a concept attainment problem will

engage in two easily-distinguishable kinds of observable behavior. He

will select instances and he will name concepts. In other words he will

engage in instance-selection behavior and in concept-naming, or conclusion-

drawing, behavior. Optimum behavior will entail the selection of as many

instances as there are variables in the system and then the statement of

the concept. There are three variables--form, color, and number--in the

card array task. Thus, every card array problem can be solved after the

selection of three instances. A problem has been solved when the instances

selected imply the concept stated and no other. The question is what must

be assumed in order for a person to make an optimum solution to any concept

attainment problem. While a logical relationship defines the solution of

a problem, there is no need to assume that the successful problem solver

"applies logic." Perhaps he could solve problems by applying logic, but

he need not. The distinction intended is the one developed in the preceding

section.
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Let us begin by analyzing conclusion-drawing behavior independently

from instance-selection behavior. Assume that a subject receives the

following four-card array instances in serial order. The + and - indicate

whether the instance "shows the secret" or not.

1GB+
1RB+
2GB-
1GD+

These instances imply One and only One. What process has to be assumed in

order to explain how a person could draw this conclusion, and the correct

conclusion from any well-formed set of instances? Perhaps it is unfortunate

that there is not a single answer to this question. There is an embarrass-

ingly large variety of processes that could result in perfect conclusion-

drawing behavior.

Of historic interest is what may be called an "information-theoretic

model," reminiscent of Hovland (1952). The person makes a list of the

possible concepts. The list consists of all the combinations that can be

formed from the values of the initial positive instance. For the above

example, the list of possible concepts is as follows:

All the Cards
One
Green
Box
One Green
One Box
Green Box
One Green Box

As each new instance appears the person deletes half of the concepts

in the list. If the new instance is positive, the concepts containing

the feature which was varied are eliminated. If the new instance is
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negative, the concepts are deleted that do not name the feature of the

original positive instance which failed to appear in the new instance.

Remember we are talking about conclusion-drawing behavior under the assump-

tion that somehow an appropriate series of instances is available; other-

wise, without additional assumptions, the process that has just been

described would not always lead to a correct solution.

The information-theoretic model is beyond doubt a poor representation

of people's conclusion-drawing behavior on concept attainment problems.

To use the term of Bruner and his associates, the process involves too

much "cognitive strain." It seems improbable that the neurologist

enumerates for himself the 64 possible combinations of areas of the cortex

which could control pattern vision.

Even if he used a paper and pencil to reduce "cognitive strain"

the neurologist is unlikely to go to the trouble to list the possible

concepts, because listing the concepts is probably not a component of

his problem - solving behavior. A stcond conclusion-drawing process may

more closely approximate the behavior of the neurologist. After each

new instance the person draws a partial conclusion. If the new instance

is positive, the conclusion is that the factor which was varied is

irrelevant. If the new instance is negative, the conclusion is that the

feature of the original positive instance which failed to appear in the

new instance is a part of the concept. When the complete series of

instances has been processed, the partial conclusions are combined to

give the final conclusion. With the illustrative card array problem this

process would work as follows:
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Instances Conclusions

1GB+
1RB+ Color irrelevant
2GB- One necessary
1GD+ Form irrelevant

one

This will be called the Method of Difference because it most closely

resembles the procedure outlined and named by John Stuart Mill. In their

most self-conscious moments scientists probably can be said to be applying

the Method of Difference when they work on a concept attainment problem.

A third approach will be called the "common elements" method. The

conclusion is drawn by naming the elements, or features, which the

positive instances have in common. Under this procedure the conclusion is

not drawn until a complete set of instances is available. With respect

to the illustrative set of card instances, all of the positive cards show

one; there is no other common feature. Thus the conclusion is One.

A fine grained analysis of the common elements method will be attempted

since a training procedure described later was based on this method.

The conclusion-drawing phase begins when there is a complete, "well- formed"

set of instances available. The discriminative stimulus (S
D
) marking this

state of affairs is a byproduct of the instance- selection process which

will be described later. In the first phase of the conclusion-drawing

process the problem solver scans the positive instances. One of the

discriminative stimuli (S
D
s) for the scanning response is whatever cue

has identified an instance as positive. In the case of the card array

task, the S
D consists of the words of the experimenter ("Yes, that shows

my secret."). Remember that the stimuli arrive serially in time, hence,
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the S
D will not be temporally proximate to the response it presumably

controls, and therefore some form of memory for positive instances will be

required. The matter of memory will be treated when instance-selection

behavior is considered. The problem solver scans features of the instances.

It is assumed that the preproblem history of the problem solver has

established each feature as a reliable S
D

for a naming response. During

the problem he must get S
D
s for which features to name. These S

D
s come

from the check on whether features are common to all positive instances.

The assumption is that the problem solver does not simultaneously scan all

features, that he probably scans them in some serial order. The question

of what the order is will be considered when instance-selection behavior

is discussed. Since, by assumption, the final conclusion is not determined

at an instant but is instead built up in stages, memory is once again

implicated. Probably the problem solver verbally encodes the parts of the

conclusion at the moment the S
D
s for each of them is available. That is,

he says the partial conclusion to himself or outloud; the S
D

evokes the

implicit or explicit verbalization.

We turn now to an analysis of instance-selection behavior. Each

instance selected must have the property that it is identical to the focus

instance or other positive instances in every respect save one. The

entire set of instances should have the property that each of the stimulus

dimensions is varied once and only once. The basic process involved in

selecting instances is a compare-and-contrast operation.
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A discrimination is easier if there is immediately available a standard

for comparison. Herein lies the reason simultaneous discrimination is

generally easier than successive discrimination. The person can use the

positive instance singled out by the experimenter at the beginning of a

concept attainment problem as a standard of comparison. In the broader

context the standard of comparison is given by the "definition of the problem"

("with all six areas intact pattern vision is present, with all six

destroyed it is absent;" "at 60 mph the front end begins to shake"). The

technique is to compare each prospective instance with the standard.

Assume the task involves k stimulus dimensions. The prospective instance

is an appropriate one if it is the same as the standard in k-1 ways and

different in the final way. Bruner, Goodnow and Austin (1956) called this

procedure the "conservative focusing strategy." This is the origin of the

term "focus instance" for the initial positive instance identified by the

experimenter.

In what order will the stimulus dimensions be varied (manipulated,

observed)? Logically speaking, order makes no difference. But a first

instance must be chosen, then a second, and so on until k instances have

been selected. Notice that, whatever the first choice, there is a new

constraint on the second and later choices. The problem solver must

avoid varying a dimension already varied at a previous choice. With each

new choice there are fewer "logical degrees of freedom." The statements

here about logic refer not to logic which the problem solver is applying,

but to the logical relationship, from a third party point of view, between
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the stimulus situation and the problem solver's behavior. Some aspects

of the choice of behavior are "free" in the sense that they need not be,

in fact could not be, determined by the Sps which embody logical constraints.

The "free" aspects of choice are probably controlled by the discriminability

and "salience" of the features of the stimulus. There are data on the

salience of stimulus dimensions from the concept learning literature which

could be brought to bear to predict order of choice. Unfortunately a

clean prediction is not possible, since it is not clear whether the most

salient dimension will be the one the problem solver manipulates first or

the one he manipulates last. Which it is might depend in complicated ways

upon the conclusion-drawing process.

Somehow or other as he chooses a series of instances tLe problem

solver must keep track of the stimulus dimensions processed and remaining

to be processed. There are several ways this could be done. Each of

them involves some form of memory. One way is to verbally encode the

dimensions processed (or dimensions remaining to be processed, or both).

Before each choice, the problem solver recalls these dimensions. That is,

he gives himself an implicit or explicit autoclitic, a self-tact of the

form "I have already tried color." If this is what is going on, the

completion of each instance selection cycle must provide the S
D

for the

"review tact."

Another procedure to keep track of progress through the problem is

to remember the instances themselves, or perhaps only the positive

instances, depending upon the type of conclusion-drawing process.
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As long as the instances are physically present this procedure need not

involve much verbal encoding, perhaps only the "marking" of each instance

in terms of its spatial position in the array. To find out where he has

been and where he should go, the problem solver scans the instances

(including the focus instance) already selected. If the same feature

appears in every instance a dimension is thereby identified which remains

to be processed. For instance assume that cards represented as follows

have been chosen:

1GB
1RB
2GB

These cards all contain boxes, so form is a dimension which remains to be

manipulated. The presence of a box in each previous instance provides

the S
D for the selection next of an instance which does not contain boxes.

There is a somewhat more elegant procedure for keeping track of progress

through the problem which does involve verbal encoding. If what was

called the Method of Difference, or any other procedure which entails

partial conclusions after each instance, is employed, the problem solver

need only rehearse the partial conclusions (which he will probably need

to do anyway in order to avoid forgetting them) in order to remind himself

of the stimulus dimensions already processed. This integrated procedure

is more elegant in the same sense that a machine with fewer moving parts

is good. It is more economical of the problem solver's time and less

prone to failure from forgetting, interference, or faulty discrimination.
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Thus far several different kinds of conclusion-drawing behavior and

several different kinds of instance -selection behavior have been described.

The analysis is by no means exhaustive. There are many variations of the

procedures described. There are others which were not described and

undoubtedly still others which the author has not thought of. Anyone of

many processes could produce perfect solutions to any and all concept

attainment problems. That is to say, there are an indefinite number

of processes that could produce identical protocols of observable responses

(instance-selection responses,concept -naming responses) for any concept

attainment problem, and with the further restriction that each protocol

constitutes an optimumly efficient solution to the problem.

Ostensibly much of the research on problem solving has been concerned

with discovering the processes entialed when people solve one or another

kind of problem. The "process tracing" study is premised on the naive

assumption that people exhibit their processes when they solve a problem.

Exhibited are strings of responses. As the preceding analysis has demon-

strated, there are many processes which could produce even identical

strings of responses. It is not possible directly to see the process that

causes the string of observable responses to be run off as it is. This

remark is not made under the assumption that implicit responses occurring

within the organism are the really important events. Rather the process

is to be understood in terms of controlling variables, external as well as,

perhaps, hypothesized internal events.
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Intended here is more than the relatively superficial observation that

many things are possible and that, therefore, conceptualizations should be

mistrusted. Not only are different processes logically possible, but it

seems entirely probable that the process is different for different people

and, indeed, different for the same person on various occasions. Consider

a mundane parallel. People have various door-opening responses in their

repertoires: A person may exert force on the door with his hip, push the

bottom of the door with his foot, lift a latch with his left hand and

then pull, or turn a knob in a clockwise motion with his right hand and

then push, or step on a mat concealing a switch that activates a motor that

moves the door. While these responses may vary in strength, the details

of the stimulus situation are more important than response strength in

determining which behavior sequence will occur. With respect to the concept

attainment problem, there is every reason to believe that many people- -

especially professional problem solvers such as physicians, auto mechanics,

scientists, and TV repairmen--have repertoires of alternative behavior

sequences. To reiterate once again, the differences among these sequences

can be very subtle, so subtle that a record of the easily-distinguishable

overt responses will not reveal the differences in the behavior nor in the

controlling variables.

The author concludes that there are weak grounds to justify the

process tracing approach predominant among those who engage in problem

solving research. This monograph represents a different approach.

Instead of attempting to discover the process by which people solve problems
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the approach is to teach more or less optimum problem solving behavior.

This approach is justified on at least two grounds. First it is exercise in

social engineering of potential practical value, since the skill to be

arranged is of demonstrable importance. Second, it may in several ways

contribute to knowledge about complex processes in general.



29

CHAPTER 2

Procedures for Presenting and Scoring Problems

In all of the research reported in this monograph problems were

administered individually by specially trained experimenters (KO.

The nine Es who participated in one or more experiments were research

assistants who ranged in age from 22 to 45. Five Es were graduate

students in educational psychology, two were housewives, one was a

summer undergraduate NSF fellow, and one was a third-year law student

supplementing his income with part-time work. There were seven women

and two men. All the Es were college graduates. Only one had had

extensive experience with children prior to participating in this

research.

Each E received 15 or more hours of experience training and pre-

senting problems to children before participating in an experiment. The

author monitored one or two hours of each E's preexperimental performance.

Problems (and/or training) were presented in such reasonably private

and distraction-free spaces as the cooperating schools were able to

provide. These included nurses' offices, storage closets, corridors, a

kitchen, an auditorium stage, widely separated stations in cafeteria and

gymnasia, and in one instance a janitor's closet.

The research entailed three sets of materials. The card array was

described in detail in Chapter I. The other two sets of materials were

the cowboy game and the pencil collection. While the three sets of

materials involved different stimulus dimensions and different "story
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lines" were employed with them, an identical problem solving task could

be created with each set of materials. It is the task detailed with

respect to the card array in Chapter I.

The cowboy game consisted of eight plastic cowboys and accessories

imbedded in an orderly arrangement in a 12 X 13 in. plaster of Paris

base. The game was placed on a table such that the cowboys faced the

child. The cowboys were either standing or riding horses, either wearing

a hat or bareheaded, and either carrying a gun (rifle) or not. These

characteristics were coded as follows:

Characteristic Code

Riding
Standing

Gun
NO gun

Hat
Bareheaded

An instance can be described by listing the appropriate codes. For

instance RNB refers to a cowboy riding a horse who has neither a gun

nor a hat. A schematic representation of the cowboy game appears in

Fig. 2.1.

A story line was employed with the cowboys. The E said:

In this game you've got to figure out which kind of cowboy

is a friend of the sheriff. I will point to one cowboy who is

a friend of the sheriff. You point to other cowboys. Each

time you point to a cowboy, I will tell you whether he is a

friend of the sheriff. As soon as you are sure you know,

tell me which kind of cowboy is a friend of the sheriff.
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Fig. 2.1. Schematic representation of the cowboy game.
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The final set of materials consisted of eight, hexonanal No. 2

pencils. The pencils displayed three attributes: length (6 or 2 in.),

presence or absence of eraser, and sharpened or unsharpened. These

features were coded as follows:

Characteristic Code

Long
Short

Sharpened (point)
Unsharpened

Eraser
No eraser

An instance can be described with these codes. For example SUE

stands for a short, unsharpened penci4 with an eraser. The pencils were

placed in a disorderly fashion on a table in front of the child. After

each problem, E shuffled the pencils. In all but one experiment to be

described in later chapters, the child was allowed to handle the pencils

during the course of a problem, for instance, to sort them into groups.

At the beginning of every experimental session in which problems

were presented, the child first solved a series of simpler problems

designed to provide warmup, to furnish a high initial frequency of

reinforcement, and to make sure that the concepts the child would

subsequently have to attain were in his repertoire. In this orientation

exercise, the E named concepts while the child pointed to all of the

positive instances of the concept. For instance, if E were to say,

"The secret is long pencils with no erasers," the child would be expected

to point to LUN and LPN. The concepts treated in this manner always
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included the ones which would have to be attained in order to solve

problems later in the session as well as fillers. If the child made an

error, either of omission or commission, he was prompted to make the

correct response and, in addition, any item upon which an error occurred

was repeated after an interval until the child made an unprompted

correct response.

Administration of the problem,

The E's task was to provide the orientation exercise described

above, to read the instructions (or quote them verbatim without reading),

to indicate the focus instance, to give the child feedback as to whether

each instance selected was positive or negative, to respond with a

standardized remark to one or another contingency which might arise

during the course of the problem, to write a protocol of the problem, and

to determine when the problem should be terminated and either the next

problem begun or the session terminated.

If the child stopped trying to solve the problem, the E attempted

to keep him going with one of a series of "motivational prompts."

Specifically, if the child made no task-relevant responses for a period

of 10-15 sec., the E said "What are you going to do now?" If 10-15

sec. more elapsed in which there were still no task-relevant responses,

the E Oen said "See if you can figure out my secret by picking more

(cards, pencils, cowboys)." When this failed to work, the E exhorted

the child to continue usin3 whatever language he believed appropriate.
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If the child stated an incorrect conclusion with which he was apparently

satisfied, the E attempted to elicit further progress with a "challenge

prompt." The first challenge prompt was, "Are you sure that's my

secret?" If the child insisted that he was sure or did nothing for

10-15 sec., the E then said, "Maybe that's not my secret." Finally,

if the child still persisted, the E usually said, "Maybe the secret

could be something else. Try to find out for sure what the secret is by

picking more...(cards, pencils, cowboys)." Other wordings were provided

for special contingencies. When the child accumulated enough informa-

tion logically to solve the problem but did not volunteer a conclusion,

the E said "As soon as you are sure you know, tell me the secret." When

the child seemed to be trying to communicate the concept by pointing out

the set of positive instances, the E said "Try to say the secret in words

instead of pointing." The language of all the prompts and the con-

tingencies for their use were prescribed. The Es were permitted no

unstandardized remarks. A summary of the allowable experimenter state-

ments appears in Fig. 2.2.

There was a three-fold stopping rule. The problem was terminated

(1) if the child solved the problem, that is, if he selected a set of

instances and stated a concept such that the instances implied the

concept and no other; (2) if the child refused to continue despite

allowable experimenter crompts; or (3) if the child selected six

instances without solving the problem. If the child selected six

instances without solving the problem but had enough information to



35

Category Code Statement
a

Motivational prompts

Slight motivational prompt
Moderate motivational prompt

Strong motivational prompt

Challenge prompts

Slight challenge prompt
Moderate challenge prompt
Strong challenge prompt

Eliciting prompts

Slight eliciting prompt

Strong eliciting prompt

Special categories

Refuses to continue

Put in words

Ml "What are you going to do now?"
M2 "See if you can figure out

my secret."
M3 Encourage the child to continue

in your own words.

P1 "Are you sure that's my secret?"
P2 "Maybe that's not my secret."
P3 "That's not my secret. Try to

figure out my secret iv..."
or

"Maybe the secret could be
something else. Try to find
out for sure what the secret
is by..."

or
"That's not the secret. We
don't have secrets like that
in this game. It's one of the
secrets we had in the first
game. Try to figure out the
secret by..."

E
1

E
2

"As soon as you are sure you
know, tell me the secret."
"I can't let you pick any more

Can you tell me the
secret now?"

Refuses
to

continue
PW "Try to say the secret in

words instead of pointing."

aIn the case of cowboy problems, the statements should read "the

kind of cowboy who is a friend of the sheriff" in place of "my secret."

Fig. 2.2. Allowable experimenter statements.

lob
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do so, the E said "I can't let you pick any more...(cards, pencils,

cowboys). Can you tell me the secret now?" The Es were instructed to

continue the problem when they were not sure whether a child had solved

a problem, since, should it happen that the child had solved the problem,

the extraneous portion of the record could be eliminated.

The E wrote a protocol for each problem, indicating the concept

and focus instance and recording in coded form the instances the child

selected, the statements the child made, and the statements E made in

the sequence in which these events occurred. Figs. 2.3A and 2.3B contain

sample protocols. The numbered entries represent instances the child

selected. The + or - indicates whether the instance "showed the secret"

or not. Entries preceded by a V (for verbalization) represent the

child's concept naming behavior. All other entries represent the behavior

of E as per Fig. 2.2.

The dots under the focus instance code are a form of bookkeeping

to help E keep track oi what the child has proved or failed to prove so

that E will know when the problem can be terminated and when eliciting

prompts should be given. Nonetheless, there is a minor experimenter

error evidenced by the protocol in Fig. 2.3B. The slight eliciting

prompt (El) should have been given after the third instance rather than

the fourth. No doubt the E was fooled by the third instance which,

through logically a poor choice, happened in this case to eliminate both

presence or absence of an eraser and presence or absence of a sharp

point from consideration.
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Immediately following a day's administration of problems, the Es

exchanged protocols to check them for legibility, completeness, accuracy

of subject and problem identification, and accuracy of coding.

Scoring, the problem

The instances selected by a child can be classified into four

mutually exclusive and exhaustive categories. They may be inefficient,

redundant, repetitious, or properly chosen. An inefficient choice is

so called because on the average it yields less than maximum

attainable amount of information. Operationally, an inefficient choice

is an instance which differs along more than one stimulus dimension

from the focus instance or other positive instance. A choice is

redundant if the outcome, whether the instance is positive or negative,

is implied by previous instances. Redundant choices yield no new

information. For example, consider the following instances:

1GD+
2GD+
1GB+

At this point 2GB would be a redundant choice since it must be +.

Another t of redundancy can be seen in the following example:

1RD+
1GD+
1GB-

A choice of either 2GB, 1RB, or 2RE would be redundant because previous

instances prove that an instance will be - unless it contains D. In

short, a choice is redundant (1) if the instance contains an as yet
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untried combination of variables known to be irrelevant and the

instance is otherwise the same as a previous positive instance or (2)

if the instance does not include all of the features previously shown

to be relevant.

A repetitious choice exactly duplicates a previous instance.

Some redundant choices are also inefficient (e.g. 2GB and 2RB in

the example above). The distinction between the two categories is

maintained by the arbitrary convention that an instance is categorized

as inefficient only if it is not redundant.

The analysis of concept naming or conclusion stating behavior

depends upon the analysis of instance selection behavior. A statement of

the concept is either valid, consistent, inconsistent, or "miscellaneous."

These categories are exhaustive of the unambiguous concept-naming

behavior of subjects. Only unqualified declarative statements about the

relevance or irrelevance of variables or unqualified conclusions about

the concept are categorized. Any nonconjunctive statement is categorized

as miscellaneous. Otherwise, statements are categorized, as the category

names suggest, according to whether they are consistent or inconsistent

with the instances that have been chosen up to that point. Consistet.t

statements are an inappropriate form of verbal behavior since, when

a statement is scored as consistent, there always remains at least

one other possible concept.

When a subject makes a valid statement, he has by definition solved

the problem; he has stated the one and only correct concept and he

has selected a set of instances that proves that it is the correct

concept.

1
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Sequence is the essence of this system of content analysis. A

choice which is inefficient at one point might be proper at another and

redundant or repetitious later. Similarly a statement that is consistent

at one point in time might be inconsistent later while a statement

which is valid might only have been consistent at an earlier point.

The content analysis procedure that has been outlined is entirely

objective; there is no need for subjective "judgement" to classify

behavior appropriately. Indeed, a computer program was developed to

score protocols.

Various indices of the adequacy of problem solving performance

based on the content analysis are possible. The following overall

summary index has proved useful: Performance is summarized on a three

point scale. a) The S solves the problem and neither makes any

inefficient, redundant, or repetitious choices of instances nor states

any inconsistent, consistent or miscellaneous conclusions (2 points).

b) The S solves the problem but makes one or more inappropriate choice

or states one or more inappropriate conclusion (1 point). c) The S

fails to solve the problem (0 points). Other performance measures

were also employed and these will be described as the occasion demands.

There are several advantages to computer processing. In previous

research (Anderson, 1964, 1965) protocols were scored by human raters.

This is a rather difficult task. People make mistakes. While inter-

rater reliability coefficients have been quite high, around .90

(Anderson, 1965, p. 81), this means there is only 80 percent "true

score variance. Computer processing should reduce noise from this
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source to zero. Second, a number of hours of training is required

before a person can score proficiently. Third, the scoring of the

protocols is a laborious, time consuming task. After warmup, a proficient

rater can score a problem in 5 min. The card-input IBM 1620 computer

with disk file upon which the content analysis was completed scored a

protocol in about 3 sec. The research reported herein involved over 2,500

protocols, counting neither protocols collected in the course of the

development of training procedures nor the training of Es. Thus, a

considerable saving in time was realized. (At least, the computer

programer's time was returned with a dividend.) Fourth, computer processing

obviated the necessity for two manual transformations of the data and

manual adding of category totals, both operations in which errors could

be introduced. The human rater makes a score sheet for each protocol.

Then he makes a summary ledger sheet. If the analysis is large or

complex, cards are punched from the ledger sheets. If computer processing

is employed, the keypuncher works directly from the protocol. Note

that the keypuncher need not make any substantive decisions. Finally,

it was possible using the computer to detect and eliminate errors

introduced by the E or the keypuncher.

An elaborate series of checks was included within the content

analysis program. The accuracy of the concept and focus instance codes

was externally verified. From this point on, the computer served as

its own proofreader. Each line of the protocol was checked against

the concept. When an impossible case was detected the computer printed
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subject and problem identification and then a message of the form

"Trial X (meaning instance) was miscoded by the experimenzer or the

keypuncher." These cases were manually checked, the error was corrected,

and then they were resubmitted to the computer. The computer also

checked to see whether the stopping rules were observed. The computer

classified cases in which the stopping rules were violated in an

"illegal termination" category. These cases were manually checked,

corrected, and resubmitted. Finally, all of the problems in which the

"right answer" was stated but the problem was not solved were manually

checked.

One experiment, to be described in detail later, involved 848

protocols. On the first pass through the machine, the computer rejected

21 protocols, or about 2.5% of the total. A keypunch error had been

made in 11 cases. In the remaining 10 cases the fault was in the

protocol; in other words, there was an experimenter error. These

protocols were examined and a decision was made as to what the codes

should have been. The smallest change was made in the protocol which

would make it internally consistent. Herein lies the only aspect of

the analysis in which subjective judgement was required. Otherwise

the analysis was as objective as, say, the scoring of a multiple choice

test.

The computer program is printed in Appendix I.
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CHAPTER 3

Individual Differences and Problem Solving/

This chapter will approach problem-solving from the perspective of

the psychologist, especially the applied psychologist, interested in

learning or training. The question to be answered is Olt is there in

the literature on individual differences, substantive or methodological,

of worth to the person concerned with developing training procedures that

facilitate problem-solving performance. Much of the research on preblem-

solving has been concerned with individual differences, including, for

example, such factors as rigidity, availability of function, kind of

strategy employed, and cognitive style. Despite some provocative ideas

and data, there are grounds for arguing, as others have argued before

(e.g., Duncan, 1959; Schulz, 1960) that as a group 'process- tracing"

studies of individual differences within the context of problem-solving

have not led to a substantial corpus of knowledge. Partly for this reason,

the emphasis will be upon individual differences in problem-solving in

terms of dimensions established in factor analyses of aptitude tests.

In what follows, there will be, first, a brief sketch of a theoretical

orientation toward problem-solving and aptitudes and then, second, a consider-

ation of several ways in which the research on aptitude factors may bear upon

/Reprinted with the permission of the publisher from Robert M. Gagne',

Editor, Learning and Individual Differences. Columbus, Ohio: Merrill

Books, 1967, pp. 66-89.
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investigations of the learning of complex skills, such as problem-solving

skills. No consideration will be given to such customary topics as increasing

the precision of experiments by statistically controlling individual

differences, or selecting persons likely to succeed if presented with

training. Instead, there will be an attempt to see whether research involving

aptitude factors could have value for the development and improvement of

training procedures.

Tteoretical Orientation

The author believes that an S-R orientation offers the most fruitful

approach to problen-solving. The view outlined in the following passage has

much in common with the conceptions of others with a similar orientation such

as Cofer (1957), Renner and 'Candler (1962), Maltzman (1955, 1960), and

Skinner (1957). First of all, problem-solving behavior is not fundamentally

different from other varieties of behavior. In Drncants (1959, p. 425)

words, "Problem-solving in human adults is a name for a diverse class of

performances which differs, if it differs at all, only in degree from other

classes of learning and performance..." The belief is that problem - solving

behavior, like other kinds of complex behavior, can be conceived most profitably

in terms of colligations of elemental stimulus-response relationships.

The more or less organized sequences or patterns of behavior, popularly

called "strategies", that seem to comprise much problem-solving behavior,

at a molar level of description, are hypothetically under stimulus control

of two kinds. First, especially on tne part of the good problem-solver,



behavior is under discriminative control of relevant task and problem cuss,

those present at the beginning and, depending upon the kind of problem,

those cues that emerge during the course of work on the problem. Seconds

problem-solving behavior is partly controlled by response-produced stimuli,

including, perhaps, intraverbals or other forms of mediation. Reinforcer.

of several kinds -- for instance, we might suppose, what Polya (1964) calls

"signs of progress" -- act to increase the likelihood of certain forms of

the behavior that is emitted during the problem-solving episode. If it

happens that there is an orderly relationship between the contingencies

of reinforcement Jperating during problem-solving and the criteria for

problem solution, then the problem-solving episode is a sort of microscopic

natural selection process. Presumably, the three processes that have beeti

listed -- discriminative control of problem-solving *behavior by task cues,

control of behavior by response-produced cues, and selection of forms of

behavior by reinforcement -- are sufficient to account for the coordinated,

purposeful character of some problem-solving behavior that has seemed so

salient to many students of problem- solving.

Scores on "intelligence" tests cats also be given an S-R interpretation;

however, it is different from the prevailing one. The concept of trait is

one of the key prevailing ideas underlying the psychology of individual

differences. Certain tests are said to measure special types of traits

called aptitudes or abilities. But it is not necessary to infer a trait

behind a distribution of scores on a test. Nor is one required to believe
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that the results of factor analytic investigations represent "vectors of

the mind". Aptitude factors can be regarded as representing independent,

classes of similar or related behavior. Parenthetically, it should be

recognized that trait psychology plays a large part in the "figurative

model" (Tatsuoka, 1965) that underlies the mathematics of test theory and the

theory of factor analysis. It would be an interesting and maybe valuable

exercise to see what sort of individual differences model could be constructed

on behaviorist assumptions.

Aptitude Factors and Task Analysis

Tasks can be described in terms of loadings on reference factors (or

correlations with either factor scores or univocal reference tests). The

pattern of loadings indicates the kinds of skills that are important for

success on the task and indicates their relative importance. Possibly

descriptions in these terms could be useful to the training psychologist

undertaking a task analysis. Such an approach has often been advocated by

factor analysts, though, to the author's knowledge, few if any psychologists

concerned with training have tried seriously to use the procedure for this

purpose,

One of the leading advocates of task analysis by factor analysis, J. P.

Milford, and his associates have completed an investigation in the area of

problem solving that illustrates the method (Merrifield, Guilford, Christensen,

and Frick, 1962), Three problem-solving tests were invented. These were

included in a battery composed of reference tests for established factors
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and new tests to measure hypothetical factors. The results were these:

No separate problem-solving factor appeared. Each of the problem-solving

tests showed a sensible pattern of loadings on established factors. Finally,

almost all of the true variance of the problem - solving tests was accounted

for, The study supported the notion that canplex problem-solving behavior

is not wholly different from simpler behavior, but rather can be analysed

in terms of more elemental patterns of behavior (though, in this case,

behavior that is still rather complex),

A second study frau Guilford's laboratory (Frick & Guilford, 1957)

will be described, since it involves the water-jar problem, a traditional

favorite, A group version of the water-jar test was included in a battery

of tests that were intercorrelated find factor analysed. The water-jar test

is supposed to measure rigidity-flexibility, As a matter of fact, the test,

at least the version employed by Frick and Guilford, showed a loading of .42

on the factor General Reasoning, a icading of .45 on the factor Logical

Evaluation, but a loading of only .18 on the factor Adaptive Flexibility.

This is striking data. Apparently, less than 4% of the variance of the

water-jar test is a function of rigidity-flexibility, a person who developed

a training procedure to facilitate performance on the water-jar 'Wet by

somehow increasing flexibility or eliciting flexible behavior might well come

to grief, simply because flexibility is not very important for the solution

of the water -jar problem.

Considering the results with the water-jar problem, one cannot help

wondering whether performance on other popular problems, such as the hatrack
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problem or the two-string problem, involves the behaviors each is commonly

believed to involve. The two-string problem, in particular, has been used

in a number of training Itudies, studies notable chiefly for being inconsistent

with one another (see Maltzman, Belloni, & Fishbein, 1964, p. 6). One of the

difficulties is that the probl-Im is psychometrically inadequate (Ray, 1955;

Duncan, 1959; Anderson & Anderson, 1963). Could it also be the case that

the behavior the training p :ocedures have been designed to arrange or evoke

plays a relatively unimportant role in the solution of the two-string

problem? Perhaps such a state of affairs would be revealed by an analysis

of the two-string problem like the analysis Frick and Guilford made of the

water-jar problem.

Conry (1965) and Walsh (1963) have studied the relationship between

aptitude measures and performance on the type of problem-solving task in

which the subject selects instances until he can name correctly a concept.

Both investigations emplayed the technique of canonical correlation. The

present author feels that this technique is inappropriate when the goal is

to understand the criterion task in terms of stable, meaningful dimensions.

stir does the method of including the task to be explained in a factor analysis

with the reference tests for established factors seem entirely satisfactory

since then there is a confounding of explanans and explanandum. In any

event, the Conry (1965) data and the Walsh (1963) data were re-analysed in

this way: First, the correlations among the aptitude reference tests were

factored. Then, loadings were obtained for the measures of problem-solving

performance by extension.
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Table 3.1 contains the re-analysis of Conry's data, which was obtained

from 94 females enrolled in a psychology course. The first factor, General

Reasoning, is the only one that shows really promising relationships with

the problem-solving measures, On the whole, the aptitude factors explain

disappointingly little of the variance of the problem-solving measures, .

perhaps for one reason, because the reliabilities of the latter measures

were low. Cowry was not able to obtain estimates of the reliability of

these measures, but some indication can be gleaned from the correlations

between the two problems that were employed. The between-problems correla-

tions were .23 and .41 for time to criterion and cards to criterion,

respectively. Evidently, the reliability of any of these measures alone is

rather low.

The re-analysis of Walsh's (1903) data appears in Tablo 3.2. Her study

was conducted with 53 third graders from a suburban community. The problem-

solving measure is a composite that gives equvl weight to success or failure

on a problem and an estimate of efficiency involving the instances the child

selected, Walsh experienced some difficulty with her battery of aptitude

tests, Many of the subtests of the California Test of Mental Maturity

failed to discriminate well. As a result, these subtests distributed over

several weak, hard-to-interpret factors. On the other hand, most of the

subtests from the Solving Puzzles Test discriminated very well indeed,

maybe mart of the reason why these tended to load highly together on the

first factor. The one thing the Walsh data does suggest is that Originality
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may be a factor In the performance of children on the kind of py4k,tck

which the subject selects instances until he can name a concept,

Having now reviewed some of the data bearing upon '41( .Yactor stricture

of problem-solving tasks, let us take a closer look C: the question of the

value, to the psychologist interested in developing a training procedure,

of a desc,Aptim of a task in terms of loadings on re!erence factors. Ot

course, one could tot 0 t very far ty merely pontiering the names of the

factors with which a task is saturated. An intimate acquaintance with the

skills involved in performance on the tests that define a factor is surely

a pre-requisite for making much sense of a task in terms of factor loadings

Still, even with this proviso, the result of such analysis is likely to be a

recipe of the form, for instance, two parts Verbal Comprehension, one part

General Reasoning, a dash of Ideational Flmency and a pinch of Semantic

Spontaneous Flexibility,

Description in terns of factor loadings seems to provide a sort of

taxonomic task analysis, But it does not tell how to put the ingredients

in the recipe together in order to got a desired, complex skill. The

training psychologist needs a functional task analysis that deals with

intratask relationships among 9omponent skills and the order in which

component skills are to be performed:

Thus far the presumption has been that an adequate factor analytic

investigation can at least give, at its own peculiar level of discourse,

a complete list of the essential component skills, so to speak, the

necessary "ingredients" of a complex skill. However, the fact that a task
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loads on several factors may very well aein that the criterion task involves

alternative component skills rather than that each of the skills repreScAted

by tho several factors is important. Referring to the factor deecriptiati

of the water-jar problem, it may be with respect to an single individual

that the skill involved in performance on the problem is General Reasoning

or Lo5ical Evaluation or Adaptive Flexibility, The factor recipe does not

seem to tell the cook which ingredients are essential and wht/e', can aP

subOituted for one another

A description of a task in terms of factor loadings can tell what

chtractor:4stics differentiate the performaece of individuals on the task,

But tree factors that differentiate individuals are no* necessarily in o-

to-one correspondence with the factors that are relevant to performance on

a task, The relevant behaviors that all of th3 members of a sample manifest

or manifest in a sufficient degree cannot be revealed by correlational

methods. By the same line of argument, the relative importance of various

components f a complex task is not necessarily to be found in the magnitzde

of the loadings of the task on reference factors*

Finarly, there is the problem of naturalistic bias in analysing tasks

in terms of factor loadings. Such a procedure indicates which skills

differentiate the performance of persons who, usually, have no special

preparation for the task at hand and who work at the task for a short

period of time. It seems reasonable to suppose that especially qualified

persons -- mathematicians, operations researchers, psychologists employing

functional-behavioral methods of analysis, depending upon the kind of



, , t ' grol.

55

problem -- vith ample time for study can develop approaches to the solution

of classes of problems that are not inferior to those inferred flow the

behuirlor emitted by students from Psychology 100 when briefly confronted

with the task, Perhaps it is les t. -- with either multivariate

inlfstigatiens or with process-traciog studies -- whether or to what degree

the 0;mtpcxleistv of "ideal strategies" are exhibited in the behavior of

college sophaores or Air Parc° recmIts When A conception of an "ideal

stratege is available it often eflollti be possiblo to develop training

procedures that 4.stematc4Lcally arrange the required skills, If and when a

hi n level of ptsofcicncy can b produced, the task will no longer be called

a proiplem end it y even be sat J that the task does not require "real

thinking" or tat it can be psrformed by "rote", But, then, what is the

point of t!% &:.1me anyway?

The cchclusica is that under some circumstances description of a

csmplex task in arms of loadings on reference factors might have some value

30 an adjunct to task analysis. However, from the perspective of the

psychologist conceived with training, it is inc*nceivable that factor

sescriptions could bear the principal burden of task analysis.

titude Factors and the ketEtEAMEItev

This section will examine investigations of the relationships of factor

structure aLd training. This was a popular topic in the 1930's6 In recent

years there are Fleishman's (e.g., Fleishman ti; &impel, 1954; Fleishman, 1951)

studies of the chan:es with practice in the factor structure of complex
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psychomotor tasks. Stake (1961) has eomple d tt.: most substantial re-omit

investigation examinzig conceptual learning, an invastgatic u involving

training on 12 tasks and an extensive battery of reference tea .s.

Though each has employed factor analysis, there have been divtinct

differences in nethodology among these studies, partly as a fun tion of the

particular issue that interested the investigator. In terms of the interests

of this piper, Fleishman method is among the most Aeuristic,. He broke

performance up into intervals and as a result was able to study the changing

characteristics of performance interval by interval as training progressed.

Fleishman's work indicates that there are systematic "changes in the patterns

of abilities contributing to proficiency on complex tasks as training continues

and proficiency increases" (19570 p. 271). In other words, qualitatively

different skills, not merely different degrees of the same skill, seemed to

be involved as proficiency on a task increases. There is a task-specific

factor, the importance of which usually increases as training continues, At

the same time the amount of variance explained by reference tests usually

shows a regular decline as training progresses. It is not known 'tether this

latter fact is inevitable or whether it merely reflects the current state of

the art of testing and the psychology of individual differences. Of special

interest is Fleishman's finding that tests of "higher processes" are

important mainly in the early stages of performance. These diminish in

importance as training advances.

Though there may be some, to the author's knowledge, none of the studies

of the effects of training and factor structure in the so-called "cognitive
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domain" have employed exactly the same methodology as Flel/hman There have

been some interesting investigations though. A study of 1Caodrowss (1938)

is especially provocative, Subjects practiced but ten minutes a day on

each of seven tasks for 39 d Three scores were obtained for oach task,

initial 9srformance, final performance and gain that is te Jiife**w!e

between initial and final performance. The intercorrelations of these

scores, svoree on two intelligence tests, and scores on several tests giv

j*st once were factored using the centroii method. The discussion that

follows has reference to the varimax (italsor, 1958) rotatich of Woodrow'

centroid matrix which appears in Table 3

Thera is an extremely interesting generalization that emergor; from

Woodrcy's dat Terminal performance was related to both 4nttial prformafte.!

that 440 entering behavior -- and gain or improvement, Mowoverl *ad this

is Os fascinating point, initial performance and gain were remarkably

inend,-mt of one another on all but one of these tasks (spot patterns)*

Novice th e:. terminal performance for any task tends to load on two -Actors,

one of which is saturated with initial performance and the other of which

exhibits a high loading on gain or improvement with practice. Final

performance showed a more pronounced relationship with initial performanci in

some cases but with gain in others. On the one task that could be said to

involve problem-Solving, the anagrams task, final performance was much more

highly related to initial performance than to gain. Speaking generally,

one would suppose terminal performance on many tasks employed in laboratory
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Table 3

Varmmax Rotaticn of Woodrowts (1938) Ceatroid

II II/ IV VI VII VIII IX

Horizontal adding Initial 27 32 09 42 -01 35 30 15 -15_
Final 2 12 22 10 30 06 27 80 16 -11
Gain 3 -02 08 09 11 12 10 80 08 04

Substitution Initial 4 06 75 16 -05 OS 03 08 12
Final 5 -06 53 18 -06 24 72 09 19
Gain 6 -08 65 07 -07 23 70 10 13 6

cats Initial 7 47 35 49 14 -12 04 05 -09 09
Final 8 20 19 92 04 -12 11 07 -02 05
Gain 9 -13 05 68 -03 -03 00 10 14 03

Mu/ zple cancellation Initial 10 07 72 05 29 21 -04 -13 -05 OS
Final 11 18 48 -04 OS 71 26 07 -16 2T
Gain 12 33 0? -04 -12 87 26 15 OS -08

Relative porceut 1611 th IoLitial 13 14 27 48 17 -02 -52 -01 38 16
Final 14 09 17 24 03 Ob -19 00 2 85
Gat: 15 -06 -05 -21 -10 -08 27 -05 -2L 54

Speed, gates In1rial 16 31 53 -12 13 -08 -05 38 -44 00
Final 17 30 69 05 -11 06 10 24 29 15
Gain 18 -04 05 22 -28 -07 19 -02 73 -04

Anagrams Initial. 15 26 07 07 90 -04 -J7 -02 -11 -01
Final 20 23 OS 08 72 -02 -14 30 -21 -03
Gain 21 -02 01 05 -05 -01 -05 35 -17 -00

Artificial language
(Al before practice) 2 76 1. -03 12 06 -05 02 02 -01

Artificial language
(B, after practice) 23 70 16 2V 12 25 01 -01 -07 -17

Form analogies, A 24 73 08 11 13 09 19 03 21 17
Form analcgies, B 25 63 26 26 -10 06 -03 11 08 26
Verbal, analogies, A 25 86 -00 -05 16 -04 -08 09 -17 -03
Verbul analogies, B 27 83 OS -09 09 -10 -12 -05 -07 -04
Thorndlse 28 69 -09 05 36 25 09 07 18 23
Average 6 Otis Form A and

6 Otis Foltm B 29 90 04 1 13 18 06 -04 07 04
Catagorie6 30 79 13 00 -09 14 -20 02 -26 -24
Cancellation, 3-digit 31 12 54 -13 07 56 11 -00 26 -12
Arithmetical problems 32 28 -10 49 24 23 -11 11 12 -11
Speed, making crosses 3V 10 66 -01 06 00 11 14 -31 14

Note. -- Decimal, points have been omitted,
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studies of learning would have a ralatively slight relation to initial

performance, indeed, such tasks are frequently selected precisely because

they de-emOasize the role of entering behavior. On the other hand, it is

to be expeotcl! ti at initial performance will exhibit a hefty association

with final performance on many tasks thtt confronu children in school; f

cud forally relevant tasks, a brief pe:iod ot training weighs small in

p eportiou to a long istory of learning.

Notice that on ftiodrow's first factor (see Table 3), which can

called , there in a tendency for final performance on most of the tasks to

have a smaller loading than initial performances Though the diffemonces are

nut impressive, the trend in those loadings is consistent with the view that

the skills represented in intelligence tests are less important at the end

of training than at the beginning, a result not unlike Fleishman's.

The main conclusion that can be gleaned from the investigations of the

relationships between factor structure and training is that aptitude tests

ery truly measures of entering behavior. As Woodrow (see 1946)

peatedly argued and rather dramatically demonstrated, these tests do not

measure "ability to learn."2 In the case of complex behavior and complex

training procedures -- let us say, an auto-instructional program to teach

2Stake (1961) who has identified ability to learn with sp6ed of
learning rather than amount of imprement found some weak speed of learning

factors, it is not inconceJvdole that additional research with existing
tests, or research with slew tests might reveal some associations with
learning (either srsed or amount of improvement) but, still, the conclusion
that for the most part aptitude tests measure entering behavior seems sound.



a school subject -- it is probably true that relevant, previously Unwed

behavior "enters" at various points during lostriction, not just at the

beginning.

Gagne( (Gagne, 1962; Gagnefaa Paradise, 1961) has also identified

aptitude tests with entering behavior; however, his analysis suggests that

the behavior refracted in basic aptitude tests "enters" -- that is to say,

is relevant -- mainly during the initial stab of instructions, and is

decre singiy relevant thereefter. The present author's suspitilm is that,

even when a complex skill is analysed recursively into a hierarchy of

subskills using the technique that Gagne has expounded, various previously

learned skills will become more or less relevant in a shifting pattern

as learning progresses. Such shifting patterns were revealed in Fleishman's

studies, even though the psychomotor tasks employed in these studies were

relatively less complex than the academic tasks that Gagne'taiks about, and

the training procedures use more homogeneous than the instruction required

teach academic skills.

Earlier, it was suggested that there is a naturalistic bias in task

analyses in terms of factor loadings. There appears to be another facet to

this naturalistic bias. Training, some of the time at least, perhaps most

of the time, has the effect of changing the patter , of factor loadings. The

magnitude of the change presumably depends upon '!ie effectiveness and the

extent of training and the degree to which previcsly acluired skills are

relevant to the task at hand. Nonetheless, one can speculate, the direction

of the effects of t:aining is generally tow rd a it in factor pattern,

t
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in other words, a change in the relevance of reviously-learned skills, If

this is true, then factor analyses of measures on naive subjects could yield

only an imperfect description of the -.:omponent skills involved in highly

proficient performance followi4g a period of training.

We are ac,astomed to speak of an "increase in proficiency" on a task,

but such an exnr2ssion permits the inference that the same skills comprise

novice -level performance and master-level performance, that the two levels

and intervening levels differ only in qaantitttive degree, There are both

analytic and empirical grunds for resisting such an inference, It is

probable that different levels of proficiency on complex tasks, if not simple,

homogeneous tasks, usually involve qualitatively different skills, Similarly,

even if by some external standard of proficiency, two groups one with

training of a certain sort, the other without -- happen vo perform at the

same level, it cannot be assumed that the same skills are involved. In fact

it is very likely that the skills ure different.

To put the whole matter another way behaviors bearing a certain Usk

or function name can show markedly different topographies. From some frames

of reference, tnese differences in topography are unimportant. When the

issue is judging what an organism will be able to do in the future on muse

complex tasks, t=cd .7a what it can do now; or the issue is planning a

training procedure that will most efficiently build upon the organism's

current repertoire of behavior= or the issue is analysing a complex skill

into simpler, component skills, topography can be very critical, indeed,
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Stolurow (1965) has recently reviewed studies showing interactions

between ability and techniques employed in self-instructional programs The

evidence reviewed by Stolurow suggests that programs featuring knowledge of

results, overt responding, and immediate feedback make a difference with low

ability students, but that high ability studonts do just as well on programs

without those features. Other studies seem to indicate that programs

allowing "self-direction" are superior to linear programs for bright students

while slow students do as well (badly) with either kind, in should be acted

that frequently the apparent interactions, usually in the form of correlations

of different magnitudes between an ability measure and a criterion performance

measure, are discovered in ex Est ftcto analyses. Still, considering the

fact that most psychologists concerned with learning and training have not

beau very concerned with individual differences, the facts available suggest

that rather often there are interactions between ability and training

variables.

Stud39 involving several training coaditions in which scores were

obtained on a differentiated battery of aptitude tests are scarce (though

see Dick, 1983), The whole thrust of the analysis presented on the preceding

pages is to suggest that interactions between aptitude factors and training

variables are likely to be the rile rather than the exception, at least for

caisplextaskeand clmplex training procedures, such as programs to teach

academic skills
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01 'slat worth to the training psychologist is it to know that the..., is

an interaction between training conditions- nd en ability measure? Let it

be assumed that the interaction is manifested in differences among training

conditions in the degree of correlation between the ability measure and the

criterion performance measure. Is a high correlation a favorable sign?

Atcorditg to ecme educators, the answer is yes. It is a part of the

educational folklore that there is an increase in the variance of the

achievement scores of students of the good teacher, since he stimulates bright

pupils to forge ahead to a greater degree than does the mediocre teacher,

The popular answer of persons in programed instruction as no, a high correla

tion between an ability measure and a performance measure is not a

favorable sign. The reasoning is that with effective instruction 6,6,01, the

dull student will achieve a high level of performance. The fact of the

matter is that in and of itself the magnitude of the correlation between

measure of ability and performance is neither favorable not unfavorable

It ell depends on the means, When the mean level of achievement under i

certain training condition is Mahar than the level undoIo a standard

condition, that is good; when the mean of the training condition is lower

that is bad. The difference in the correlation of the ability measure and

the achievement measure under the training condition and under the standard

condition and the difference in mean achievement under the two conditions

can, provided several assumptions hold, suggest the kind of student who has

profited most or least from training. If mean achievement is higher and

iee...49$...440.41001101107,
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the correlation between achievement and ability is higher, then probably

the dull student did poorly as usual while the bright student did especially

well. This is the case many educators who deal with conventional forms of

instruction feel is typical (desirable?), If mean achievement is higher

but the correlation of achievement and ability is lower under the training

condition than under the standard condition, these probably the low-ability

student profited especially and the high-ability student did as well as

usual* 'hid latter case is often seen in programed Instruction studies.

remarki that have just been set forth apply as well to general

ability tests and differentiated aptitude measures. A second aspect of the

Issue has partimler reference to differentiated aptitudes. There are those

who osy that if following e certain training regimen, achievement scores

how a velatively high correlation with some special ability tl.:fs proves

hat the instruction requires reasoning, creativity, of whatever (see Braund

& Heath, 1965) aild, indeed it does It proves that the regimen makes

salient certain L'kills, But it does not prove that this training procedure

is to be prlferred to sage other* It is entirely possible that another

training procedure that led to lower correlations of measures of reasoning

or creativity with final performance, would result in h. .r levela of

performance on problem-solving tasks involving reasoning or creativity,

Several of the foregoing points are illustrated by the data in Table 4,

Thirty first-grade children received training designed to teach them a

problem-solving skill, the skill of attaining a concept or solving a problem



by varying each factor in succession holding all other factors

constant* The training used the techniques of programed instruction, though

it took the fc_a of a script used by a human teacher (with one child at a

time) rather than a self-instructional text or a teaching machine program.

In the initial phase of training, than program was divided into seven units

called games' that were deigned to teach components of the desired

terminal behavior. The first three games arranged "conclusion-drawing

behavior" and brought this behavior under the appropriate stimulus control.

'The remaining four games arranged "instance-selection behavior and integrated

ccaclusion drawing with instance selection. The second phase of training

consisted of an abbreviated form of the program with each of five widely

different, additional tasks the purpose of the second phase of instruction

was to vanish the control of particular task and problem characteristics and

bring the behavior under the control of the relevant abstract or schematic

attributes of tasks and problems.

Following training, the training group and a control group that

received no treatment of any kind, were presented with a series of prebIere,

some from tasks that had been employed during training in order to assess

retention, and some from tasks new to all children to assess transfer. The

problems were exactly like those employed in the Walsh and the Conry studies

previously disemssed. For each problem the child began with a stimulus

configuration which was, he was told or shown, a positive instance of a

concept (e,g. it "shows the secret") The child was instructed to select



reate instances (e.g., "pick cards," "mix chemicals") until he could say

be concept, The child was scored as havin3 solved a problem if the instances

he selected implied the concept he stated and no other. A further descrip-

tion of the tasks and the method, as well as the main ren2lts of the study,

can bi found elsewhere (Anderson, 1S61).

Four hundred and eight first graders, including the 60 children who

were presented the problem-solving tasks, completed the Californft Test of

Mental Maturity (Long Form, 1957 Edition) . Subtest scores were intercori'elated

and factor analysed by the principal components method, Four factors were

extracted and rotated using the varimax (Kaiser, 1958) procedure (see TWA, 3.5) .

Factor scores were computed for the 60 children who received problems

Each task was represented by a composite problem-solving measure, the same

;measure as was used with the Walsh data previously discussed.3

Table 3.4 contains the correlations of the aptitude factors with the

problem-solving measures. It should be noted in passing that the sample was

rather homogeneous with respect to IQ and 8E8. Perhaps stronger relationships

would have been observed with a more heterogeneous sample, Though there is

detail in the table that looks interesting, remarks will be limited to two

observations. First, notice that over-all the aptitude measures account

3T eh composite score consisted of the sum of the standarciized scores

for number of unnecessary trials (reflected) and number of solutions, The

measures were standardized separately for the training group and the control

group, The median correlation of unnecessary trials and solutions for the

various tasks was 48, a coefficient high enough to support the belief that

the two scores represented the same thing*
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Varimax Factor Matrix for the California Test of Mental, MrAturity
with a Sample of rirst Graders Of 409)

immediate recall 1 47 00 19 -07 *7
Delayed recall 2 66 -01 -11 01 45
Sensing right and left 3 05 -15 60 12 40
Manipulation of areas 4 -17 62 03 01 41
Opposites 5 02 36 23 4-07 20
Similarities 6 07 57 -17 12 37
Analogies 7 25 31 -08 4610 18
Inference 8 25 12 18 -51 37
Somber ccacepts 9 -12 17 26 57 43
ifunerical quaniity 10 -01 07 63 "0$ 41
Verbal concepts 13. 40 -04 4,06 60 52

Variance

abscims1 pointy in the body of the Viable omitted. Intercorrelations
were factored by the principal components /method with the highest
correlation of each test as the communality estflimate, The faun factors
that were rotated accounted for 96% of the commicit variance.
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for more of the variance of the training group than of 1 ;lee control group.

Since the level of perf ormance of the training group was higher than that

of the control and since, except for the chemical prO41ems, the reliability

of the problem-solving measure was about the same for the two groups, the

cotrelations suggest that this is * case in which training benefited the

bright student meat. To look at the issue in another way, the entering

behaviors or skills represented by the aptitude factors were engaged or made

salient by the training procedure. Second, the training seemed to change

the pet :ern of relevant abilities somewhat. Memory was a more prominent

factor in the probleM-solving of those who received training than thaw who

did not Lock particularly at the correlations of memory with performance

on cowboys task and the pegboard task, teaks that were employed during

training and upon which most of the children reached a rather stringent

criterion of mastery,

never an aptitude measure shoes a marked correlation with a terminal

performance measure, one type of subject is doing less well than another.

This information could be used to improve the training procedure Ono

alternative is to develop different training procedures for the different kinds

of people. There are a variety of forms that such an approach could take,

ranging frog holly discrete programs to a collection of training segments

that could be assembled accordins to a formula based on a vector of scores

for each student (see Stolurow nevis, 1965).
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To pull together and summarize what has been said in this paps first

gram the perspective of the psychologist concerned with developing training

procedures to arrange problem-solving skills, a description of tasks in terms

of loadings on aptitude reference factors might sometimes prove to be a

useful adjunct to other task analysis methods. But there are several reasons

uhy sue a technique could not comprise the principal method of task

analysis. Second, studies of the relationship between training and factor

atructure seem to indicate that aptitude tests are primarily measures of

entering behavior, for the most tt unrelated to how much improvement will

:result from training. When the task or th* training procedure is at all

Ocmplex a shifting pattern of relationships between aptitudes and performance

on the training task is likely to appear. The shifting pattern indicates the

changing relevance as training progresses of the previously-learned skills

represented by the aptitude factors. Third, interactions more expressly

correlations, between aptitude measures and performance after training contain

information that can be employed to improve training by matching the kind of

training to the kind of persom in one of several possible ways or modifying

the training procedure so that those with low aptitude scores achieve better,

Nonetheless, there is good reason to be suspicious of a judgment about

training procedure when that judgment i

alone Finally such date on aptitude

as axe available are consistent with the

essentially different from other varieti

based on a correlation coefficient

ctors and problem-solving behavior

belief that problem-solving is n4it

s of behavior,
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The information that achievement correlates highly with an aptitude

measure might be used in a second way. Under some circumstances, it might

be possible to modify a training procedure so that those with the low

aptitude core have a better chance of succeeding. If one los speaking of

differentiated aptitude factors and this had been the presumption in the

foregoing, the aptitude factor itself might suggest the sort of modificative

that would improve the performance of those with low scores For instance,

if Verbal Comprehension is a factor that is strongly associated with achieve-

ment, perhaps a simplified vocabulary is indicated, or perhaps in the sections

in which verbal complexity is unavoidable more trials or frames are needed.

Ordinarily,. aptitude tests are used to diagnose the failings of students.

The suggestion is to use aptitude tests to diagnose the failings of training

procedures., I is difficult to forecast how useful aptitude tests would

prove in the diagnosis of the shortcomings of training procedures. It could

be that the information obtained from correlations between aptitude measures

and performance measures would turn out to be just an expensive, indirect

substitute for information obtainable by more direct means.

In this section, tae argument has been that interactions between ability

measures and training conditions are probably the rule rather than the

exceptico. But, caution was urged in interpreting interactions, especially

those that appear in the form of correlation coefficients. Neither the

assertion that the correlation between ability measures and terminal per-

formance goes up with effective training nor the contrary assertion is
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universally true. The adequacy of a training procedure must be judged by

the level of performance attained. Correlations of achievement with ability

measures, particularly differentiated ability measures, can suggest the kind

of student who profits most or least from a certain training procedure.

Based on this information, there are several courses of action that could

improve training. When differentiated aptitude measures are employed, the

aptitude measure itself might suggest the sort of modification that would

improve training, though it remains to be seen whether this suggestion has

any actual value,
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CHAPTER 4

Task Factors and Aptitude Factors in Children's Problem Solving

The purpose of the research reported in this chapter was to explore

the effects of task factors and aptitude factors on children's problem

solving. With respect to task factors the first factor was type of

materials--card array, ct boy game, and pencil collection, While these

materials were not systematically chosen to represent points in

conceptual space, it was important for the program of research to die

cover any systematic differences among the materials. The second factor

was number of relevant stimulus dimensions. The concept to be attained

by the child was defined by aither one stimulus dimension (e.g. color),

two stimulus oimensions (e.g. color and form), or three stimulus

dimensions (e.g. color, form, and number). A third factor was order of

presentation of materials, in other words, the effects of practice. Type

of materials, number of relevant stimulus dimensions, and order of

presentation were factors in a within-subjects analysis of variance design.

A. fourth factor, the nature of the particular stimuli defining concepts,

was nested within baterlas and Dimens.ons. Instead, for instance, of

repressacif4 1-dimensional card array problems with a single concept..

soy, Red -six independent subgroups got 1-dimensional card array

problems involving six different concepts.

The second purpose of the research reported in this chapter was to

investigate the relationships between aptitude factors and problem

solving performance. All of the children in tle available population
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were given a battery of 24 aptitude tests intended to mark 10 established

aptitude factors. Scores on the tests were intercorrelatA . The

correlation matrix was factor analysed. The problem solving performance

was studied in relation to the factors. Fromm perspective of the

behaviorist, aptitude factors (or factor scores) represent the operant

level of skills often important for human performance on a wide rang.

of tasks. in other words aptitude factors represent entering behavior.

The work of Fleishman with complex psychomotor tasks shows that the

pattern of correlations of aptitude factors with performance at various

levels of proficiency can yield valuable information about the relevance

of different components of entering behavior. A Fleishman type analysis

was completed The rationale for this sort of analysis, along with a

discussion of its strengths and particularly its weaknesses, appears in

Chapter 3.

Method

Aubiects,. All of the approximately 210 children in the fourth

grade in three elementary schools in a self-contained, mldwestern town

of 19,000 completed a battery of 24 aptitude U.s.souval A random sample

of 144 of these children later received a series of nine concept

attainment problems. The sample included both white and non-white and

both lower-class and middle-class children

Procedure. The aptitude tests were administered in the reguler

classroom by one of six experimenters. The classroom teacher assisted.

Problems were administered in individual sessions in such reasonably
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and private spaces as the schools were able to furnish. Each subject

received problems from a single experimenter. The procedure for

presenting and scoring problems vas detailed in Chapter 2.

Design. Each of 144 fourth graders received nine concept attainment

problems in a design which involved four factors. .ney toere (A) Order

of presentation of materials (B) Type of materials, (C) Number of

relevant stimulus dimensions, (D) Order of presentation of problems

within materials. The design can be diagrammed as follows.

Group

1

2

3

AZ

Dl D2 D3 D1 D2 D3 D1 D2 D3

B C B
1 1 1 1

C
3

B2C2 B2 G3 B
2
C
1 3

03 B3 C1 B
3
C
2

B C BC BC BC BC C BC BC BC2 2 2 3 2 1 3 3 3 1 3 2 1 1 2 1 3

B
1
C
2

81C3
B2C2

B2 C
3
BC
2 1

Each subject moved from left to right along one of the rows in this

table. In this design "Group" is a sequence factor. Order of presenta

tion of problems within materials, which was included for reasons of

experimental control and is not of intrinsic interest,, was ignored in

the data analysis. When this factor is collapsed, there remains a

fixed-effect design involving repeated measures which Winer (1962,

pp. 571-574) calls Plan 12. There were two additional orthogonal

factors which were not included in the main data analysis. The first of

these was experimenter, which can be thought of as a replication factor
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since each experimenter ran 24 subjects in a miniature version of the

experiment as a whole. Preliminary one-way analyses of variance

indicated no effect for experimenter, hence data were pooled in sub-

sequent analyses. Concept subgroup was the final factor. Independent

groups of subjects received unique sets of problems. Concept subgroup

could be regarded as a fixed factor nested within Materials and

Dimensions. The main reason for including this factor was to broaden

the base for generalization. It would be presumptuous to make ouch of

differences among materials when each set of materials was represented

by only three of the 27 possible concepts which could be formed within

each set. In the present experiment, each set of materials was repre-

sented by 18 concepts. Similarly, each level of Number of Relevant

Stimulus Dimensions was represented by 18 concepts instead of three.

It would have been possible to sample at random from among the concepts

that can be formed within each set of materials. Such a :strategy, at

least by the classical logic of inferential statistics, would have

permitted even more confidence regarding the limits of generalization.

The author chose the alternative strategy of choosing concepts on the

basis of an a jukianalysis which can be argued to guarantee that all

possible kinds of concepts are represented in known proportions. This

would seem to be the only sensible decision. After all we are not

dealing with an indefinite number of field plots which will receive

rainfall in unpredictably different quantities.

Concept subgroup could have been included as a factor in the main

analysis. However, it was not included since the interactions, if any,
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of this factor with other factors would have been uninteresting and

probably uninterpretable. Instead, differences among concepts classifies

according to materiels and number of relevant stimulus dimensions were

studied in separate analyses. In the main analysis, scores were pooled

across concept subgroup. At first glance it may seem ghat under this

procedure the effects of concept subgroup are being included within

error. However, this is not the case. All of the factors of interest

invoked within-subject error terms.

It goes without saying that subjects were randomly assigned to

sequence groups, concept subgroups, and experimenters. Assignment to

experimenters was random with the constraint that each experimenter

worked in just one school.
1

Randomization was accomplished as follows:

(a) The fourth graders within each school who completed all of the

aptitude tests were randomly divided into two equal-sized groups.

(b) Within each group, the names of the children were listed in random

order. The two lists were randomly assigned to the two experimenters

who worked within the school. (d) The experimenter was also provided

with a randomly-ordered set of "treatment control sheets." Each such

sheet specified the sequence of problems that a single subject was to

receive. (e) The first child on the list who was not absent received

the treatment specified on the first control sheet; the next child

received the treatment specified on the second control sheet; and so on.

'As already explained, experimenter could be considered t' be a

replication factor. Hence, school was also a replication factor, with
experimenter nested within school. While the data were not analyzed
by school, the nature of the design assured that differences are not
attributable to influences associated with school, whatever they may be.

...M.relusbiardlaamaimirmiums,
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Aptitude ests. The 24 aptitude tests were chosen to mark ten

expected factors. The Manual for Kit of Reference Tests for Cognitive

rectors (French, Ekstrom, and Price, 1963) served as the chief basis for

expectations about factors, as the guideline for choosing tests, and as

the primary source with respect to interpreting and naming factors. The

work of Guilford and his associates was also consulted (Guilford,

Christensen, and Frick, 1962; Wilson, Guilford, Christensen, and

Lewis, 1954).

At least two tests were selected to mark each expected factor.

There were four sources of tests. Given below is the abbreviation used

to credit the source. (ETS) The Kit of Reference, Tests developed by a

variety of persons and putlished by the Educational Testing Service.

(PHA) The Primary, Mental Abilities battery developed by Thurstone and

published by Science Research Associates. (NYU) The gsg.vala Puzzles

tests developed by Kaye (1960) at New York University. (TRL) Tests

developed by the author and his associates in the Trainiug Research

Laboratory at the University of Illinois.

The tests are listed below by name. Included is the source

credit, the factor with which the test is presumably saturated, and a

brief description of the test,

1. Picture-Number. ETS. Associative Memory. The sdbjett sees

pictures of common objects paired with numbers. Re memorizes

the number which goes with each picture, then has to write down

the numbers on a page that has only the pictures on it.

First Name and Last Names. MS. Associative Memory. This is

similar to the first test except that the material is all verbal.

The student memorizes a list of names and then must write the

first names in blank spaces preceding the last names.
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Subtraction; and Hbltiplication,. TRL. Number Facility. This test
is nothing more than a series of subtraction and multiplication
problems.

AtatialWmasja, TRL. Spatial Orientation. This is a typical
spatial orientation test in "high a sample end four altereetives
are provided. The suoject must select the alternative which is
identical to the sample except Zor being rotated.

5. Finding 'A's. STS. Perceptual Speed. There is a long list at
words. The subject must cross out as many words containing the
letter "a" as he can within the time limit.

6. Words,. WA. Verbal Comprehension. This is a vocabulary test.
The subject is required to select the word from among four
alternatives which has the same meaning as the sample word.

Pictures. PHA. Verbal Comprehension. This is another vocabulary
test, The student is shown four pictures and is asked for example,
"Which one is the do V

Number. Amt. PHA. Number Facility and Ceneval Reasoning.
Included are arithmetic word problems and problems in which the
subject must fill in the missing number in a number series.

di n. PMA. Number Facility. This consists of 30 additioa
problas,

10. 3Ratial4 PHA. Spatial Orientation. The subject is required to
*elect the one figure trout Among four eltermstivta AlAtch4, when
combined with the sample figuret, Will produce a square.

11. Fiore GrolgAng. PHA. Induction. Four figures are pr+ rented. The
student it required to select the one vLich is different from the
other three.

12. INTACtouotnas Ptit Induction. Four words are presented, three
cif which share some property. The subject must select the odd word.

bysemlg. WA. Perceptual Speed. Four pictures are
presented. The student must select the two pictures which are

identical.

14. AdypaLPussles 1. NYU. Flexibility. The student is required to

find hidden words in a longer word.

15. Solving finales, 2 (first scoring), NTO. Ideational Fluency.

The score is the total number of answers the subject gives to such
question* as "Name all the round things you can this: of."



16. Solving Puzzles 2 (second scoring). Nitu, Originality. The score
here is the proportion of unusual or original answers.

17. Solving Puzzles 3 (first scoring). NYU. Ideational Fluency. This

is similar to test 15, except the tests involve the uses of objects,
for example, "Write down all the different ways you cold use a
string."

Sol, okimPuzzles 3 (second scoring). NYU. Originality. The score
is the proportion, of answers to test 77 which are unusual or original

19. Solving, Puzzles 4. NYU. Organization. The subject is required to
produce a word which is simultaneously synonymous to two words(

20. ,Solving Puzzles 5. NYU. Organization. The student is given four
words and is required to write a very short story with two or three
sentences using all four words.

21. _Solving Puzzles S. NYU. Flexibility. This is the "match-stick
puzzles test." There is a figures drawn of match sticks; the
directions to the subject are, for example, "Take away two matches
and leave three triangles."

22. Selving, Puzzle, s 7. NYU. Flexibility. A series of words is arrange!
according to some rule; the student must discover and state the rut__

SoLvAatt Puzzles 8 (first scoring). NYU. Ideational Fluency. A
drawing is shown. The score is the number of things the subject
lists that he thinits the drawing could be.

24. Solvingjuzzles 8 (secon4 scoring). NYU. Originality. The same
as test 23, except that the score is proportion of original answers.

Measures of skewness and kurtosis were computed. Seven distributions

departed sufficiently from normality to warrant transformations. Square

root transformations were made on tests 1, 2, and 21. The scores on

tests 12 and 20 were squared. Arcsine transformations were made on two of

the three ratios, test 16 and test 18. After these transformations,

skewness and kurtosis fell within normal bounds for all tests.

A components analysis was performed. The correlation matrix with

lse in the diagonal, was analyzed into principal components. Factors, or

components, with latent rotes greater than 1 were rotated using the

varicesx procedure.



Anderson

Task factors and nroblemmatale

81

Specific : oncepts. For this phase of the analysis there were three

dependent variables: (1) Number of solutions to the problem; (2) Number

of inappropriate choic.-4 of ins antes, which is the sum of inefficient,

redundant, and repetitious choices; and (3) Number of inappropriate

conclusions, which is the sum of inconsistent, consistent-but-invalid, and

miscellaneous conclusions. The details of the scoring procedure, it

should be mentioned again, and the logic upon which these procedures are

based appear in Chapter 2.

Tables 4.1, 4.2, and 4.3 contain the means and standard deviations

for the card array, cowboy game, and pencil collection, respectively.

Analyses of variance were performed on each set of six means. It should

be emphasized that these analyses were not independent. The same six

subgroups were involved in each analysis. For what it is worth, there

were three significant (a - .05) F ratios. There were significant

differences in proportion of subjects solving the problem among 2- and

3-dimensional card array concepts and 1-dimensional pencil concepts.

Effects of or of presentation, SATASim4terials and number of

relevant stimulus dimensions. For this phase of the analysis there were

four dependent variables. Summary problem solving performance, a measure

discussed in Chapter 2, was included in addition to number of solutions,

number of inappropriate choices, and number of inappropriate conclusions.

Unlike the latter three measures, which are simply counts of 'natural

units," the summary performance score is a derivative measure in an

arbitrary metric. Nonetheless, the summary score has the advantage of
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Table 4.1

. :Nero, -7110110'

Card Array Concept Means and Standard Deviations

82

Proportion
Solving
Problems

Number Number
Inappropriate Inappropriate

Choices Conclusions

Concept SD SD SD

1-Dimensional Problems

One .75 .44 1.33 1.17 1.29 1.55
Red .63 .49 2.00 1.10 1.00 1.47
Box .88 .34 1.33 1.01 1.38 1.35
Two .83 .38 1.54 1.18 1.17 1.01
Green .83 .38 1.67 1.17 1.25 1.11
Diamond .92 .28 1.25 .90 .92 1.21

F ratto 1.70 1.59 .45

2-Dimension 1 Problems

Green Diamond .71 .46 1.00 1.22 .75 1.03
Two Green .58 .50 1.54 1.44 1.17 1.34
Two Diamond .88 .34 1.33 1.49 .92 1.38
Red Box .79 .41 1.17 1.40 .46 .78

One Red .54 .51 2.04 1.37 1.33 1.31
One Box .88 .34 1.46 1.10 1.13 1.36

F ratio 2.63* 1.73 1.63

3-Dimensional Problems

One Red Diamond .58 .50 1.58 1.53 .88 .90

0&te Creen Pox .58 .50 2.00 1.3.5 .88 1.36

Two Red Box .67 .48 1.67 1.69 1.17 1.24

Two Green Box .88 .34 1.21 1.22 .25 .61

Two Red Diamond .50 .51 1.92 1.50 .96 .81

One Green Diamond .83 .38 1.63 1.31 1.13 1.33

F ratio 2.57* .91 2.25

*
p< .05
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Table 4.2

Cowboy Concept Means and Standard Deviations

Concept
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Proportion Number Number
Solving Inappropriate Inappropriate
Problems Choices Conclusions

SD SD ri SD

Dimensional Problems

Riding .71 .46 1.83 1.17 .88 1.08
No Gun .75 .44 2.04 1.40 1.00 .88
Hat .88 .34 1.79 1.61 1.04 1.27
Standing .71 .46 2.04 1.27 1.21 1.02
Gun .75 .44 1.63 1.13 1.33 1,37
Bareheaded .88 .34 1.21 1.22 1.00 1.18

P ratio .82 1.36 .50

2-Dimensional Problems

Standing Gun .67 .48 1.96 1.40 1.00 1.02
Standing Bareheaded .54 .51 2.42 1.32 1.25 1.22
Gun Bareheaded .75 .44 1.92 1.28 1.58 .88

Riding No Gun .75 .44 2.00 1.35 1.25 1.19
Riding Hat .75 .44 1.83 1.55 .88 .80

No Gun Hat .79 .41 1.71 1.33 1.54 1.02

F ratio .96 .74 1.79

3-Dimensional Problems

Riding Gun Hat .75 .44 1.83 1.58 .63 .77

Riding No Gun Bareheaded .63 .49 2.04 1.46 1.21 1.23
Standing Gun Bareheaded .75 .44 2.13 1.42 .71 .91

Standing No Gun Bareheaded .67 .48 1.96 1.52 1.00 1.29
Standing Gun Hat .67 .48 2.25 1.36 .96 1.08

aiding No Gun Hat .79 .41 1.71 1.43 .92 1.14

atio .47 .43 .90
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Table 4.3

Pencil Concept Means and Standard Deviations

Proportion
Solving
Problems
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Number Number
Inappropriate Inappropriate

Choices Conclusions

Concept SD SD SD

1-Dimensional Problems

Long .92 .28 1.83 1.52 1.21 1.02

No Eraser .58 .50 2,08 1.28 1.13 1.12

Point .92 .28 1.42 1.47 1.29 1.20

Short .75 .44 1.54 1.22 1.17 1.24

Eraser .83 .38 1.50 1.64 1.29 1.33

Unsharp .92 .28 1.54 .83 1.13 .99

F ratio 3.10* .84 .10

2-Dimensional Problems

Short Eraser .71 .46 1.50 1.32 1.13 1.42

Short Unsharp .42 .50 2.50 1.47 1.17 1.20

Unsharp Eraser .75 .44 1.29 1.40 1.17 1.31

Long No Eraser .79 .41 1.63 1.35 1.00 1.18

Long Point .71 .46 1.58 1.44 1.25 1.36

Point No Eraser .71 .46 1.58 1.28 1.42 1.23

F ratio 2.02 2.22 .28

3-Dimensional Problems

Long Point Eraser .79 .41 1.92 1.47 .96 1.00

Long Unsharp No Eraser .67 .48 1.75 1.42 .58 .72

Short Point No Eraser .67 .48 1.79 1.44 1.13 1.08

Short Unsharp No Eraser .88 .34 1.50 1.41 .71 .86

Short Point Eraser .75 .44 1.42 1.44 .71 .81

Long Unsharp Eraser .71 .46 1.75 1.33 .79 1 #25

F ratio .81 at3 .99

p < .05
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representing the various components of problem solving performance with

a single number. An Sill summary score for a problem is determined as

follows. Two points are awarded if the S solves the problem and makes

no inappropriate choices and states no inappropriate conclusions. One

point is awarded if the S solves the problem but makes one or more

inappropriate choices or etates one or more inappropriate conclusions.

An S receives no points if he does not solve the problem. Naturally the

four measures are not independent.

Consider first the summary measure. Means and standard deviations

appesx in Table 4.4. The analysis of variance is described in Table 4.5.

Order of presentation was the one significant effect. Subjects averaged

.74 per problem on the first set of materials, .95 on the second set, and

1.06 on the final set.

Table 4.6 contains the means and standard deviations of number of

solutions to the problems. Since each cell is represented by a single

problem which a subject either solved or failed to solve the figures in

Table 4.6 are actually proportions of Ss solving each problem. For this

reason, incidentally, the means and standard deviations are not independent.

As can be seen in Table 4.7, order of presentation and number of relevant

stimulus dimensions both had a significant effect on problem soltuions.

The average proportion of problems solved was .61 for the first set of

materials, .77 for the second set and .83 for the third set. An average

proportion of .80 subjects solved the three 1-dimensional problems while

.70 solved the 2-dimensional problems and .71 solved the -dimensional

problems.
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Table 4.4

Means and SDs for the Problem Solving Summary Measure

Number of
Materials Dimensions
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Order of Presentation

let

SD

2nd

SD

3rd

rI SD

Cards

Cowboys

Pencils

1

2

3

.92 .61

.75 .70

.63 .73

.88 .49 .94 .52

1.08 .77 1.13 .67

.98 .79 1.21 .68

1 .69 .59 .87 .58 1.15 .50

2 .58 .65 .90 .59 1.06 .60

3 .63 .67 1.10 .69 .98

1

2

3

.81 .53 .90 .52 1.02 .48

.83 .78 .83 .75 1.00 .62

.83 .69 1.02 .56 1.02 .79
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Table 4.5

Analysis of Problem Solving Summary Variance
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Source df

Between Ss

Group

143

2 .79 .76
Ss within Groups 141 1.05

Ss 1152

Order of Presentation (0) 2 11.15 32.39*
Materials (M) 2 .36 1.06
(0 X MY 2 .63 1.84
Di X Ss within Groups 282 .34

Number of Relevant Dimon (D) 2 .09 .25
D X Group 4 .75 2.21
D X Ss within Groups 282 .34

O X D 4 .62 1.87
M X D 4 .24 .73
(0 X 10' ZD 4 .38 1.16
MXDX Ss within Groups 564 .33

Total 1295

*p < .01
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Table 4.6

Means and SDs of Number of Solutions

Number of
Materials Dimensions

Order of Presentation

Cards

Cowboys

Pencils

2

3

1

2

3

1st

SD

.77 .42

.60 .49

.48 .50

.63 .49

.50 .51

.32 .50

.75 .44

.60 .49

.67 .48

2nd

SD

.81 .39

.75 .44

.69 .47

3rd

SD

.38

.38

.36

.77 .43 .94 .24

.77 .42 .85 .36

.81 .39 .79 .41

.81 .39 .90 .31

.63 .49 .81 .39

85 .36 .71 .46
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Analysis of Variance of Number of Solutions
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Source df tYS

Between Ss

Group

143

2 .48 1.12
Ss within Groups 141 .43

Within Ss 1152

Order of presentation (0) 2 5.58 31.55*
Materials (H) 2 .03 .17
(0 X MY 2 .21 1.19
H X Ss within Groups 282

Number of Relevant Dimensions (D) 2 1.27 8.49*
Y Group 4 .24 1.61

D X Ss within Groups 282 .15

O X D 4 .27 1.92
MX D 4 .15 1.05
(0 X MY X D 4 .27 1.92
H X D X Ss within Groups 564 .14

Total 1295

*p < .01
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Table 4.8 contains means and standard deviations of number of

inappropriate choices per problem while Table 4.9 summarizes the analysis

of variance for this measure. Once again, order of presentation had a

significant effect. The mean number of inappropriate choices per problem

was 2.09 for the first set of materials, 1.57 for the second set, and 1.45

for the third set. Type of materials also made a significant difference.

The mean number of inappropriate choices per problem for the three cowboy

problems was 1.91. The means were 1.53 and 1.67 for the cards and pencils,

respectively.

The means and standard deviations for number of inappropriate

conclusions appear in Table 4.10. Table 4.11 shows that order of pre-

sentation, number of relevant. stimulus dimensions, and the interaction of

these two factors 4ere significant. Table 4.12 contains the means entailed

in these significant effects. The Number of Relevant Stimulus Dimensions

X Group interaction was marginally significant, but the means involved

in this effect will not be summarized since the result is completely

uninterpretable.

Discussion. The one factor which had a strong influence was order

of presentation. This factor had a significant effect cm each of the

four measures. Evidently children grow more proficient at problems

as their experience with solving problems increases. Facilitation

occurred solely as a function of practice, There was no training.

Indeed, there was not even feedback as to the correctness of the child's

responses except insofar as feedback was indirectly involved in the

procedures for administering problems. Nonetheless, problem solving per-

formance improved steadily from the first to the third set of problems.
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Means and SDs of Number e Iaappropriate Choices

t rials
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Order of Presentation

Number of
Dimensions

1st 2nd 3rd

11 SD N SD SD

1 1.58 1.11 1.58 1.11 1.3 1.11

2 1.94 1.41 1.25 1.38 1.08 1.16

2,27 1.28 1.56 1.50 1.16 1.33

1 2.31 1.29 1.77 1.31 1.23 1.13

2 2.54 1.35 1.71 1.29 1.67 1.31

3 2.54 1.22 1.58 t.50 1.83 1.47

1 1.69 1.27 1.58 1.30 1.69 1.49

2 1.89 1.52 1.67 1.42 1.48 1.27

2.06 1.37 1.45 1.30 1.54 1.49
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Table 4.9

Analysis of Variance of Number of Inappropriate Choices
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Source df

Between Ss

Group
Ap within Groups

143

2
141

6.44
5.04

1.28

Within Ss 1152

Order of Presentation (0) 2 50.06 35.74*
Materials (M) 2 14.95 10.68*
COX MP 2 1.40 1.00
M X Ss within Graups 282 1.40

Number of Relevant Dimensions (D) 2 2.07 1.57
D X Group 4 2.28 1.73
D X Ss within Groups 282 1.32

O X D 4 2.78 2.06
M X D 4 1.26 .93
CO X ti)' XD 4 1.24 .93
MXDXSs within Groups 564- 1.35

Total 1295

*p < .01
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Table 4.10

beans and SDs of Number of Inappropriate Conclusions
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Number of
Materials Dimensions

Cards

Order of Presentation

1st 2nd

SD

1

2 1.20 1.32

3 1.10 1.34

.79 1.05

SD

3rd

SD

1.58 1.47 1.13 1.20

.88 1.18 .79 1.18

1.02 1.14 .50 .62

1 1.02 1.00 1.55 1.40 .69 .78

Cowboys 2 1.50 1.17 1.25 .96 1.00 .97

3 1.25 1.31 .75 .98 .71 .85

Pencils

1 1.23 1.15 1.56 1.24 .81 .89

2 1.38 1.27 1.48 1.44. .71 ,-%7-------
.,--

3 .96 1.11 .81 .94 .67 .83
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Table 4.11
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Analysis of Variance of Number of inappropriate Conclusions

Source df MS

Between Ss 143

Group 2 .03 .01
Ss within Groups 141 2.52

Within Ss 1152

Order of Presentation (0) 2 23.86 21.39**
Materials (H) 2 .75 .67
00 X Mr 2 2.01 1.80_
M X Ss within Groups 282 1.12

Number of Relevant Dimensions (D) 2 11.05 8.79**
D X Group 4 3.18 2.53*
D X Ss within Groups 282 1.26

O X D 4 6.79 6.70**
M X D 4 1.78 1.75
(0 X 10' X D 4 1.22 1.20
HXDX Ss within Groups 564 1.01

Total 12.35

*p < .05

**p < .01
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Table 4 12

Mean Number of Inappropriate Conensions Per Problem as
a Function of Order of Presentation and
Number of Relevant Stimulus Dimensions

95

Number
of

Dimensions
oftii~slobisamiwisrolor

Order

2 N

1 1.01 1.56 88 1.15

2 1.36 1.20 .83 1.13

3 1.10 86 .63 .86

N 1.16 1.21 .78
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Research with first graders reported in Chapter 6 showed that there

is a definite limit to the amount of improvement which will result from

unguided practice alone. While it ie impossible to estimate how close to

asymptote the fourth graders in the prc.;ent experiment were by the end

of their third set of three problems, it is worth noting that performance

gain was negatively accelerated. That is, with respect to the summary

measure, number of solutions, and number of inappropriate choices (but

not number of inappropriate conclusions) there was substantially greater

improvement from the first to the second set of problems than from the

second to the third.

Tentatively, the significant effect of number of relevant stimulus

dimensions on number of solutions and on number of inappropriate conclusions

can be attributed to the control which positive instances exercise over

conclusion drawing behavior and conclusion stating behavior. Subjects

stated fewer inappropriate conclusions on 3-dimensional problems than i:hey

did on 1- and 2-dimensional problems. And, fewer 3-dimensional problems

than 1- or 2-dimensional problems were solved. When an S solves a problem

he must by definition state a conclusion. Thus, less conclusion-stating

behavior, either appropriate or inappropriate, was emitted on 3-dimensional

problems than on 1- and 2-dimensional problems. In a 3-dimensional problem

formed with a set of materials representing three stimulus dimensions

each of which takes on two values, there is only one positive instance,

the focus instance designated by E. None of the instances chosen by S

in the course of work an a 3-dimen3Lonal problem could be positive.

The argument is that Ss tend to draw conclusions by naming the common
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elements of positive instances. When no positive instances are encountered,

conclusion stating behavior is inhibited.

The effect of type of materials on number of inappropriate choices

is attributable to the greater frequency of such choices with cowboy

problems. The author and his associates have often observed that the

story line employed with the cowboy materials interferes with problem

solving behavior. ! child will insist that a "friend of the sheriff"

must ride a horse or must carry a rifle. Possibly the thematic characteris-

tics of the cowboy task led to interference; though if this is the case

it is not clear why number of inappropriate choices was the only measure

affected.

Aptitude factors and problem solin,

Interpretetfon of factors. The correlation, matrix elipears in

Appendix II. Table 4.13 contains the rotated factor loadings. The seven

rotated factors accounted for 63.4% of the total variance. The corn -

munalities of the individual teas and an estimate, not always an appropriate

one, of the reliabilities of the tests appear in Table 4.14. The inter-

pretation of factors is given below.

I. Verbal gmashavkis. All of the tests loading highly on this factor

have verbal content. It is clearly Verbal Comprehension.

II. Speed.. This factor Is difficult to interpret. Loaded highly are

the tests which were expected to define Associative Memory and Number

Facility as well as Perceptual Speed. Speed seems to be the common

element. First of all, the two Perceptual Speed tests (tests #5 and #13)
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Table 4.13

trarimax Factor Matrix
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I II III IV V VI VII

1 .17 .75 -.05 .09 .31 -.04 -.06

2 .65 .46 .21 .09 .11 -.07 -.01

3 .29 .53 .41 .07 .18 .29 .17

4 .15 .17 .25 .12 .71 -.07 -.07

5 .11 .65 .00 .22 -.07 .07 .09

6 .79 .21 .23 .11 .09 .11 .09

7 .60 -.01 .00 .00 .45 .09 .14

8 .39 .22 .41 -.03 .28 .32 .28

9 .17 .43 .24 .16 .13 .36 .24

10 .16 .23 -.02 .05 .70 .27 .13

11 .23 .09 .48 -.12 .9 .45 .06

12 .56 .36 .44 -.01 .12 .19 .07

13 .32 .42 .23 .13 .19 .35 .15

14 .58 .18 .23 .27 .19 .31 .12

15 .26 .11 .35 .68 -.10 .09 .05

16 .04 -.09 .68 .26 .12 -.06 -.02

17 .15 .23 .17 .70 .18 .11 .08

18 .02 -.21 .11 .27 .46 -.14 .43

19 .74 .06 -.00 .20 .03 .15 -.02

20 .22 .16 .62 .19 -.03 -.03 .31

21 .16 .05 -.09 .18 -.03 .84 -.08

22 .46 .13 .01 .10 -.08 .05 .60

23 .06 .12 -.01 .74 .11 .06 .18

24 -.04 .09 .15 .14 .11 .02 .81

Percent
Common
Variance 23.0 15.7 14.0 13.2 12.5 10.9 10.6
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Table 4.14

Estimated Reliabilities and Commonalities of the
Twenty-four Aptitude Tests
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Teet Number

Procedure for
Estimating
Reliability*

Estimated
Reliability Commonalities

1 2 .56 .71
2 2 .82 .71
3 2 .90 .69
4 1 .55 .64
5 2 .70 .51
6 1 .89 .76
7 1 .65 59
8 .82 .63
9 1 .93 .50
10 3 .86 .65
11 3 .79 .6n

12 3 .88 .69
13 .92** .52
14 1 .94 .64
i5
16

4
4

.72

.37

.69

.56
17 1 .77 .65
18 .54 .55
19 1 .68 .62
20 4 .79 .59
21 4 .66 .77
22 1 .71 .60
23 4 .87 .61
24 4 .51 .72

There were four computational procedures:

(1) odd-even correlation stepped up by Spearman-Brown formula,
(2) parallel form correlation stepped up by Spearman-Brown

formula,
(3) Horst formula for unequal length parts,
(4) items were intercorrelated, then r to z (Fisher)

transformations were made for each unique correlation.
The average z was transformed to r. The Spearman-Brown
formula was then applied to the r.

* *This is to be regarded as an inaccurate upper bound estimate.
The misapplication of a formula by Gulliksen gives an inaccurate
lower bound estimate of .25.
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did load highly. Second, it is known that tests involving routine

arithmetic problems sometimes do load on he Perceptual Speed factor rather

than defining a separate factor. With regard to tests #1 and #2, which

supposedly represented Associative Memory, these were intended for adults

but were used with children in the present study. Scores were low. It

is not unreasonable to suppose that those who scored high did so because

they worked quickly.

III. Reasoning. This factor is called Reasoning, because of the loadings

of tests #3, #8, #11, and #12; however, the high loadings of test: #16

and #20 make its status ambiguous.

IV. Ideational Flu. All three tests of ideational fluency loaded

highly on Factor IV.

V. Spatial Orientation. The two tests with the highest loadings on this

factor were both tests of spatial orientation. The other tests with

moderate to high loadings all had figural as opposed to verbal content.

VI. LlEargaziktittFlegibility. This factor was so named because the

one test with a very high loading was the match stick puzzles test.

VII. fOrialit. All three originality scales loaded on this factor.

Relationship of aptitude factors to problem solving performance.

As a service to the cooperating schools aptitude factor scores, correctly

computed (Glass and Maguire, 1966), were furnished in percentile rank

form (Willis and Anderson, 1965). These scores were intercorrelated to

be sure that the conversion to percentile ranks had not introduced noise.

All of the entries were near zeo.
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Next, correlations between factor scores and problem solving

performance were computed. Relationships with all of the problem

solving measures were studied, but only the analysis involving the

summary measure will be reported here. This is logically the single best

representative of problem solving performance, the most comprehensive

measure, and probably the most reliable measure. Then too, as will become

apparent in a moment, nothing very striking was discovered, so there

was no point to including all the figures.

The fact that different subjects received different problems and

the fact that many of those who received the same problems received them

in different orders were potentially serious difficulties for the

correlational phase of the analysis. The situation is comparable to

that which would exist if several different forms of an achievement test

were given. If the data were simply pooled without regard to test form,

the correlations of achievement with other variables might be attenuated.

In order to gauge the extent of the attenuation, both within-group

correlations and pooled-data correlations were computed.

Number of relevant dimensions was collapsed. Each S then had three

scores, one for his first three problems, one fot his second three

problems, and one for his third three problems. For the computation of

the within-group correlation, the Ss were then divided into the 18

groups defined by Sequence Group and Problem Subgroup. The variance-

covariance matrix, involving the seven aptitude factor scores and the

three problem solving summary scores, was computed for each group. The

matrices were summed, and the within-group correlations were computed
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from the total matrix. Table 4.15A contains the within -group correlations

between the aptitude factors and problem-solving eerformance. Pooled-

data correlations appear in Tab:Le 4.1531. Included is the multiple

correlation, R, of the aptitude factor scores with the measure of problem

solving performance. The reliability estimate, rr, is the highest

correlation that a given task showed with the other two tasks.

None of the correlatlons appearing in Tables 4.15A and 4.15E is

very large. The apparent difficulty is the lack of reliability of the

problem solving criterion. An alternative possibility is that the

aptitude factors interact with type of materials or number of relevant

stivulus dimensions two factors which were collapsed for the correlational

analysis. If, for el ariple, a certain factor were positively correlated

with performance on 1- dimensional problems but negatively correlated

with performance on 3-dimensional problems the net relationship would be

near zero. The data were reanalyzed by task and by number of relevant

stimulus dimensions. There were no indications of interactions between

these task factors and the aptitude factors.

It does seem, then, that at least one reason for small relationships

was the low reliability of the problem solving criterion. Anderson

(1964) and Walsh (1963), in studies reviewed in Chapter 3, reported higher

reliabilities for a summary measure of problem solving than weie obtained

here. In both of the previous studies the child performed on two problems

involving the same number of stimulus dimensions and tha same materials

at one sitting. Perhaps this made the difference. Also, the summary
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Table 4.15A

RelationsEips Between Aptitude Factors and Problem Solving
Performance. A. Within- Group Correlations
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Problei

Solving
Performance

Factor

IV V VI VII R rr

First task .03 .03 .06 -.07 .28 .24 -.09 .39 .38

Second task .06 .16 .00 -.04 .19 .29 .05 .:9 .47

Third task .07 .01 .11 .18 .16 .25 .19 .41 .47
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Table 4.15B

Relationships Between Aptitude Factors and Problem Solving
Performance. B. Pooled-data Correlations
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Problem
Factor

Solving
Performance I II III IV V VI VII R rr

First task -.02 .01 .10 -.09 .22 .24 -.03 .35 .39

Second task .04 .17 .04 -.04 .16 .23 .12 .36 .46

Third task .02 .08 .09 .13 .13 423 .22 .39 .46
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measure employed in the correlational analysis of the data from the

previous studies was slightly different and, perhaps, somewhat more

reliable than the one used in this study.

Two factors showed modest but significant correlations with problem

solving performance, namely Spatial Orientation and Figural Adaptive

Flexibility. Both of these factors entail skill at dealing with spatial

or figural as opposed to verbal material. In a typical test of Spatial

Orientation, the S must select the one alternative from among several

which is identical to a sample except for a clockwise or counterclockwise

rotation. None of the problems involved precisely this skill; however, if

the analysis presented in Chapter 1 is correct, a perhaps related skill

is important for solving concept attainment problems. When selecting

instances and/or when drawing conclusions, the S must discriminate a

set of instances or potential instances in terms of one stimulus dimension

while ignoring variations along other stimulus dimensions.

Figural Adaptive Flexibility, the second factor to show moderate

correlations with problem solving performance, was defined in the present

study primarily by a match stick puzzles test. On this test, the S is

presented with complex configurations and asked, for example, to "take

away two sticks and leave three triangles." Aside from the fact that

both involve spatial configurations, the match stick puzzles test and

the concept attainment problems do not share obvious characteristics.

A relationship between Memory and problem solving performance had

been expected. This expectation was based on the analysis presented

in Chapter 1 (which received some indirect support in the experiment



Anderson 106

reported in Chapter 5). Unfortunately, a separate memory factor did not

appear. The two tests which were supposed to define a memory factor

coalesced with several other tests to produce a factor which was

interpreted as Speed. Assuming there is some memory component to this

factor, the correlations are very low and therefore not supportive of

the hypothesis. Memory was expected to play a larger role in performance

with the pencils than with the cards and cowboys, because the pencils

are shuffled after each problem whereas the spatial arrangement remains

the same during each problem for the other materials. For what it is

worth, Factor II correlated .18 with pencil performance and only .05

with card and cowboy performance. A further difficulty is that what the

psychometician calls Associative Memory is a very impure measure of

memory since it does not exclude learning. Memory span measures, which

were not included in this study, would have been more relevant to the

hypothesis.

Summary and conclusions

The chief conclusions of the study reported in this chapter are

as follows:

1. Given a specified set of materials and a specified number of

relevant stimulus dimensions, the particular concept to be attained

evidently has little effect on children's problem solving behavior. There

were only three significant (a m .05) effects in 27 one-way analyses of

variance. Each analysis involved six groups each of which received

a different concept. There was no apparent pattern to the three

significant effects that were obtained.
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2. Order of presentation of problem sets had a strong effect on all

four dependent variables. Problem solving performance improved from the

first to the third set of three problems.

3. One-dimensional problems were easier to solve than either 2- or

3- dimensional problems.

4. Type of materials affected only number of logically inappropriate

choices of instances per problem. There were more such choices during

cowboy problems than during card or pencil problems, perhaps because the

"story line" employed with the cowboys led to interfering associations

(see Chapter 6).

5. There were more inappropriate conclusions, indeed, more verbal

behavior both appropriate and inappropriate, during 3-dimensional problems

than during 1- and 2-dimensional problems. This was interpreted to mean

that positive instances play a role in controlling conclusion-drawing

and conclusion-stating behavior (see Chapter 1 and Chapter 5). Since

none of the instances, except the focus instance, which the child

encounters during a 3-dimensional problem is positive, verbal behavior

is therefore inhibited.

6. Seven of the ten expected factors materialized in the components

analysis of the intercorrelation among the aptitude tests. The rotated

factors were named as follows: I. Verbal Comprehent_Jan, Ii. Speeds III.

Reasoning, IV. Ideational Fluency, V. Spatial Orientation, VI. Figural

Adaptive Flexibility, VII. Originality.

7. Two aptitude factors--Spatial Orientation and Figural Adaptive

Flexibility--showed modest correlations with problem solving performance.

Evidently skill in dealing with spatial configurations plays a role in

performance on concept attainment problems.
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CHAPTER 5

Effects of the Availability of Concrete Stimulus
Objects on Children's Problem Solving'

108

According to Piaget a child at the "stage of concrete operations,"

which is believed to occur from roughly seven to eleven years of age, will

be able to solve many kinds of problems so long as these involve

manipulation of concrete objects and reasoning about concrete objects

which are physically present. However, the child at the stage of concrete

operations is believed to be unable to engage in many forms of "abstract

thinking" particularly those entailed in logical operations and inductive

inquiry. The latter capabilities are believed to arise at the "stage

of formal operations" which, it is alleged, develops during the period

from about eleven to fourteen years of age. According to Inhelder and

Piaget (1958, p. 335)

The adolescent superimposes propositional logic on the
logic of classes and relations. Thus, he gradually
structures a formal mechanism (reaching an equilibrium point
at about 14-15 years) Well is based on both the lattice
structure and the group of four transformations. This new
integration allows him to bring inversion and reciprocity
together into a single whole. As a result, he comes to
control...hypothetico-deductive reasoning and experimental
proof based on the variation of a single factor with
the others held constant (all other things being eval)....

Anderson (1964, 1965) developed a training procedure which

successfully taught first graders to solve concept attainment problems.

Miss Carla Cucciatti executed the research described in this
chapter during her term as an Undergraduate National Science Foundation
Fellow. Miss Cucciatti drafted the first report of the experiment.
The research was designed by the author mho also wrote this report.



Anderson 109

Given an instance of a phenomenon the majority of the children who

received training were able to discover the necessary and sufficient

conditions for the occurrence of the phenomenon. In the course of a

problem most of the children performed few inappropriate experiments

and seldom stated false or incomplete conclusions. The behavior of

the majority of the children conformed to the strategy of varying each

factor in succession while holding all other factors constant.

Chapter 6 contains new evidence that first graders can be taught to

solve concept attainment problems at a fairly high level of proficiency.

Contrary to what one would expect on the basis of Piaget's work, first graders

learned "hypothetico-deduccive reasoning and experimental proof based

on the variation of a single factor with the others held constant."

In the earlier experiment (Anderson, 1964, 1965) the children uere

able to solve problems involving new materials which they had not

encountered during training. However, a high level of problem solving

performance was maintained only with materials consisting of collections

of concrete objects physically arrayed in ftont of the child. Children

who received training did only slightly (and not significantly) better

than untrained controls on a pendulum problem and two chemical problems.

C JI the chemical prob'ems will be described for illustration.

Materials consisted o a four-ounce amber bottle, a watch glass, and a

set of five one-ounce dropping bottles labeled A, B, C, D, and E. Bach

bottle contained a colorless orderless liquid. Two of the bottle

contained water. The other three contained, respectively, dilute

solutions of sulphuric acid, hydroten peroxide, and potassium iodide.
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The problem was to find "which bottles you stave to use to gut yellow."

The concept to be attained was that bottles B, C, and D were necessary.

The focus instance was the demonstration that when drops from each of

the five betties were placed in the amber jar and the contents were

poured on the watch glass, the liquid was yellow. The child was

allowed to try a maximum of ten combinations of bottles in the attempt

to solve the problem.

There are several differences between the chemical problem which

has just been described and problems that involve collections of

concrete objects. Note first, though, that the problems are isomorphic

at a certain level of discourse. For both types, the optimum strategy

for solution is to study each potentially relevant variable in succession

while holding all other variables constant. One salient difference is

that in the chemical problem the child must zreate or produce the

instances needed to test the relevance of factors. It is the combination

of bottles that constitutes an instance in the chemical problem, whereas

in, say, a cowboy problem each concrete stimulus object (e.g. the cowboy

on a horse with a hat but no rifle) is an instance. The chemical problem

could be made to resemble a cowboy problem if the child were provided

with thirty-two bottles, appropriately labeled, each of which contained

erne of the thirty-two possible combinations of five ingredients each

either present or absent. Conoersely a cowboy problem could be made to

resemble the chemical problem if the child were provided with a cowboy,
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a horse, a hat, and a rifle and directed to construct the combination

he wished to learn about. The same transformations were illustrated

earlier (p. 12-13) with the pattern vision example aad the card array.

Piaget has reasoned that skill in combining materials to produce

instances that are relevant for testing hypotheses entails the capacity

to "conceive combinatorial possibilities." While h, might be able to

select appropriately from already-formed combinations arrayed in his

visual field, Piaget would not expect a child at the stage of concrete

operations to be able to conceive, and therefore to construct, a combina-

tion appropriate to test an hypothesis Herein lies one possible

explanation of the failure of the first graders in the original experiment

to do well on the chemical problems.

An alternative explanation, which the author favors, is that the

physical presence of already-formed instances facilitates problem

solving performance because the child is helped to remember what he has

learned. This hypothesis is based on the analysis of the concept

attainment problem presented in Chapter 1 (see also Chapter 6) and on

a great deal of observation of children attempting to solve problems.

A child working on a card or a cowboy problem will sometimes spontaneously

hold his Lingers on each of the instances he selects. Occasionally a

child will even use the fingers of one hand to mark positive instances

and the fingers of the other hand to mark negative instances. This sort

of beLavior is much more frequent on pencil problems. Many children

are observed to place the pencils into two piles spontaneously, one

2or those that "show the secret," the other for those that do not.
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The evident function of marking the instances that have already been

chosen is to enable the child to r&iaember them.

At one point, in order to make pencil problems more comparable to

problems arranged with other materials, children were prohibited from

handling the pencils. A deterioration in performance was observed as

a result. Several children were instructed not to touch the pencils.

Several others were expressly directed to sort the positive instances

into one pile and the negative instances into another. The former children

performed better.

There are indications that a system of marking the instances in

some way as they are selected facilitates performance, presumably

because memory is thereby improved. On the other hand, observation of

children attempting to solve problems gives little indication that

choosing logically appropriate instances is difficult for seven- to

eleven-year-olds. This impression is supported by an analysis of the

1296 protocols collected during the experiment reported in Chapter 4.

At his first choice there are seven instances the child could choose.

The procedurec effectively rule out the possibility that the child will

choose the eighth instance, which is the focus. In fact the focus

instance was not a first choice in any of the 1296 protocols. Three of

the seven instances are logically appropriate; that is, three of the

instances are different from the focus instance in terms of one factor

and the same in terms of all other factors. Consequently, by chance alone

a child would select a logically appropriate instance at his first

choice 42.5% of the time. The observed frequency 02 logically appropriate
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first choices was 93.3%. Only first cftoices were considered because

later choices could be affected by forgetting and because calculation

of the probabilities of logically appropriate choices by chance alone

become complicated for later instances.

In the present experiment, children worked pencil problems either

"on the board" or "in the head." Under the "on the board" condition the

eight pencils were physically arrayed in front of the child, whereas

they were not in view under the "in the head" condition. The second

factor was whether or not the instances selected by the child were made

available and sorted into piles, of "marked," to make a physical record

of choices. If children in the seven to eleven year age range are

unable to "conceive combinatorial possibilities,' then the on the board"

condition should lead to better performance than the in the head"

condition. If, on the other hand, the chief value of having available

instances in the fuL7m of concrete: stimulus objects is to facilitate

memory, the presence of "markers" will be the important factor. The

critical comparison for ifferentiating the two hypotheses is between

"in the head" with markers and 'in the head' without markers. The

memory hypothesis predicts only a slight facilitation from the avail-

ability of markers when the instances are physically arrayed in front

of the child. The facilitation is expected to be only slight because

the child can remember the i nstances by noting their position in

the array; he need not verbally encode the instances to remember them

(see pp. 24-25). When the problem is worked in the head, the child

must verbally encode the instances to remember them unless markers are
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available. Verbal encoding is probably a more difficult process than

noticing the position of an instance and verbally encoded material is

probe 1y more vulnerable to interference. Thus, according to the

memory hypothesis, performance will be poor only when the problem is

worked in the head and no markers are available. The Piagetian hypothesis,

in contrast, predicts poor performance for in-tLe-4ead problems whether

or not markers are available.

Method

Subjects. The Ss were 16 boys and 8 girls. At the time of the study,

the Ss were enrolled in a summer school in a midwestern community of

30,000 in which a large state university is located There were 15

Ss who were entering the fourth grade the next fall and 9 who were entering

the third grade. The Ss were randomly assigned to conditions.

Procedure. The procedure was described in Chapter 2 but since

procedure is critical for interpreting the present experiment it will

be summarized again here. The materials consisted of eight pencils

displaying three attributes: length (6 in. or 2 in.); sharpened or

unsharpened; and presence or absence of an eraser. The female E worked

individually with Ss. An S's pactcipation in the experiment was

completed in a single session of from 15 to 40 min. in length.

The Ss received an at entation task, prior cu attempting problems.

In this task all of the pencils were arrayed on a table in front of the

S The E named a concept and the S was required to point to all of the

positive instances of the concept. A list of 24 concepts--consisting
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of six 1-dimensional concepts, six 2-dimensional concepts, six 3-

dimensional, and six repetitions of the 0-dimensional concept--were

treated in this manner. Included wc,,L-e the concepts that would later

have to be attained in order to solve problems. After each concept, E

shuffled the pencils. When S failed to identify the positive instances

of a concept, he was prompted to make a correct response and the concept

was repeated after an interval until an unprompted correct response

was made.

Each S received a 1-dimensional, a 2-dimensional, and a 3-dimensional

problem. The specific concepts were randomly selected for each S

indepeneently of other Ss from among the six concepts of each type

included in the orientation task. The three problems were presented in

counterbalanced orders according to a Latin square. Before each problem,

E read the standard instructions modified so that the S was directed to

name the pencil he wished to learn about instead of pointing to it. The

Ss were not permitted to touch the pencils under any of the conditions.

The E exhibited one pencil and indicated that it "showed the secret."

The S named pencils and attempted to state the concept. A series of

standardized prompts, described in Chapter 2, was used to keep S

performing. A problem was terminated when the child refused LL2+ continue,

when he selected six instances without solving the problem, o when he

solved the problem by selecting a series of instances and stating a

concept such that the instances implied the concept and no other. The

E wrote protocols which were scored in the manner detail in C'hanter

2. There were three dependent variables: number of solutions, number of
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inappropriate choices, and number of inappropriate eouelusions.2

Design. Half of the Ss received the On the Board condition in

which the pencils were arrayed on a table in front of the S. The pencils

were shuffled before each problem under this condition. The remainder

of the Ss received the In the Head condition in which the pencils were

concealed from the child's view during the course of the problem. The

foci L4 instance, however, was placed on the table where it remained

throughout the problem. Withitt both the On the Board and In the Head

conditions, !calf of the Ss received Markers. That is, as the child

named a pencil, the E selected the pencil and placed it in a designated

Cosition on the table. Positive instances, include ig the focus instance,

were placed near the S's left hand. Negative instances were placed

near his right hand. Under the No Marker condition, the pencilc were

not placed into piles in the manner just described. The treatments

entailed under each of the conditions are summarized in Fig. 5.1.

The experimental couditions involved between-subject factors.

Included also were two within-subject factors, ;2274ber of relevant stimulus

dimensions, and order of presentation. An incomplete analysis of

variance was calculated since degrees of freedom were at a premium.

Higher order interactions were pooled with error variance. The

Dimension X Order interaction was also pooled with error since this

interaction was thoroughly studied in the experiment reported in Chapter 1L

2The oLmmary measure had not been developed when these data were
analyzed and the data has not yet been reanalyzed.
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Condition Description of Treatment

On the Board-Marker

On the Board-No Marker

In the Head-Marker

In the Head-No Marker

The eight pencils are arrayed in a dis-
orderly fashion in front of the S. The E
places each positive instance named by the
S near S's left hand, and each negative
instance near S's right hand.

The eight pencils are arrayed in a
disorderly fashion in front of the S.
At the beginning of the problem E places
the focus instance near S's left hand,
otherwise the arrangement of the pencils
is not disturbed during the course of
the problem.

At the beginning of the prvAem E places
the focus instance on the table near S's
left hand. The E selects each pencil
named by S from a box hidden from S's
view. The E places these pencils in
piles, one for positive instances, near
S's left hand, and one for negative
instances, neiL: S's right hand.

At the beginning of the problem, E
places the focus instance on the table
near S's left hand. No other pencils
are displayed during the course of the
problem.

Fig. 5.1. Description

1111111..rnmmM

of treatment under each experimental condition.
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Results

Table 5.1 contains the means and standard deviations per problem

for the three dependent variables as a function of experimental condition.

Analyses of variance are summarized in Tables 5.2, 5.3 and 5.4.

There was a significant interaction between the factors defining

the experimental conditions with respect to number of inappropriate

choices. As can be seen in Table 5.1, the interaction appeared because

of the large number of inappropriate choices under the In the Head -

Ho Marker condition. While no other effects involving the experimental

conditions were significant in the analyses of variance, the preplanned

comparisons of the In the Head-Marker condition and In the Head-NO

Marker condition were made nonetheless using two-tailed t tests

(a a .05, df a 10). There were significant differences in the direction

expected on the basis of the memory hypothesis for number of solutions

(t a 2.91) and number of inappropriate choices of instances (t is 3.06)

but not for number of inappropriate conclusions (t a .33).

There were significant differences in number of inappropriate

conclusions as a function of the number of relevant stimulus dimensions

defining the concept to be attained. Tha means per problem were 1.42,

1.25, and .71 for the 1 -, 20, and 3-dimensional problems, respectively.

This result parallels the result obtained in the large experiment

reported in Chapter 4.
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Table 5.1

Means and SDs Per Problem for Each Measure

119

Condition

Number of Number of
Number of Inappropriate Inappropriate
Solutions Choices Conclusions

SD M SD M SD

On the Board-Markers .50 .35 2.44 .78 1.28 .77

On the Board-No Markers .44 .40 2.33 1.17 1.06 .77

In the Head-Markers .50 .23 2.39 .90 .94 .68

In the Head-No Markers .11 .17 3.94. .85 1.06 .49
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Table 5.2

Analysis of Variance of Number of Solutiou
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Source df MS

Between Ss

On the Board vs In the Head (P) .50 1.70
Markers vs No Markers (U) 1 .89 3.02
P X11 1 .50 1.70
Ss within groups 20 .29

Within Ss

Dimensions (D) 2 .10 .45
D X P 2 .04 20
D X M 2 .35 1.61

Order (0) 2 .10 .45
0 X P 2 .04 .20
0 XM 2 .18 .84

Residual 36 .21

Total 71
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Table 5.3

Analysis of Variance of Number of Logically
Inappropriate Choices of Instances

11

Source df 11S

Between S

On the Board vs In the Head (P) 1 10.89 4.11
Markers vs No Markers (t4) 1 9.39 3.54*
P X kl 1 12.50 4.72
Ss within groups 20 2.65

Within Ss

Dimensioll (D) 2 .72 .69
D X P 2 .06 .05
P XII

order (0)

9,

2

1.06

1.35

1.00

1.28
9X P 2 .18 .17
+Lt 2. 11 2 1.01 .96

36 1.05

Total 71

eg

ft < .05
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Table 5.4
Analysis of Variance of Number of Logically

Inappropriate Conclusions

122

Source df MS F

Between Ss

On the Boa- l In the Head (P) 1 .50 .35

Markers vs DL Larkers (N) 1 .06 .04

P X M 1 .50 .35

Ss within groups 20 1.42

Within Ss

Dimensions (D) 2 4.04 4.21

D X P .29 ,30

D X M .51 .54

Order (0) 3.04 3.17

0 X P .04 .04

O X 11 .43 .45

Residual 36 .96

Total

< .05
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Disc' Sion

The results of this experiment clearly support the hypothesis

that the presence of mstances In the form of concrete stimulus objects

facilitates problem solving performance of eight- and nine-year-olds

by serving as a memory aid. There was no support for the hypothesis

that the absence of concrete objects results in a deterioration in

performance because children of this age are unable to concave

combinatorial possibilities and are, tirefore, unable to construct

(e.g. name the elements of) the instances logically required to solve

problems. These conclusions were further supported in a subsitliary

analysis of tie data.

A rationale was presented in Chapter 2 for the subdivision of total

number of inappropriate choices of instanzes into inefficient instances,

redundant instances and repetitious instances. An inefficient instance

on the average yields less than the maximum attainable amount of

information. Operationally, as inefficient instance is different from

the focus instance, or other positive instance, along more than one

dimension. A redundant instance logically allows only a conclusion

implied by previously-chosen instances while a repetitious instance

exactly duplicates a previous instance.

Inefficient and redundant choices will occur when behavior is not

under the control of the stimuli embodying the logical constraints

in the problem. These logical constraints entail the 'conception"

of the instances the outcome of which, positive or negative, will

control conclusion-stating behavior. In other words the problem
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solver must make responses that produce stimuli that evoke correct

conclusions. Inefficient and redundant choices, which cannot logically

lead to correct conclusions, should occur mainly because the problem

solver cannot "conceive" appropriate instances, though late in the

problem they might occur because he could not remember his previous

choices. Presumably the only reason a problem solver would repeat

an instance would be if he could not remember that he had previously

chosen the instance or, if he remembered that he had chosen it, that

he could not remember whether it did or did not 'show the secret."

If the conception-of-combinatorial-postibilities hypothesis is correct,

the In the head conditions should lead to more inefficient and redundant

choices. The memory hypothesis leads to the expectation that the No

Marker conditions, particularly the in the Head-No Marker condition,

will lead to a marked increase in number of repetitious cloices and,

perhaps, a slight increase in number of inefficient and redundant

chGices.

Table 5.5 contains mean inefficient and redundant choices and

mean repetitious choices by experimental condition. The differences

among conditions in inefficient and redundant choices were not signifi-

cant. Table 5.6 contains the analysis of varianca for number of

repetitious choices. both factors and the interaction were significant.

Comparisons (a = .05) using the N wman-Keuls procedure showed that

there were more repetitious choices under the In the Head-No Harker

condition than under any of the other three conditions, and that there

were no differences among the latter conditions.
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Table 5.5

Mean Inefficient and Redundant Choices and Mean
Repetitious Choices per Problem by

Experimental Condition

125

Condition

Inefficient
and Redundant

Choices
Repetitious
Choices

On the Board-Markers 2.33 411

On the Bcard-No Markers 1.94

In the Head-Markers 1.94 .44

In the Head-No Markers .,81 1.6g
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Table 5.6

Analysis of Variance of Repetitious Choices

Scurce df MS F

On the Board vs In tha Head (P) 1 35.04 16.35

Markers vs No Markers 1 30.P. 14.61

P X M 1 12.04 5.79

Ss within groups 20 2.08

Total

*
p < .05

**
p < .01
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It may be reasonably argued that the present experiment did not

provide a strong test of the hypothesis that children are unable to

conceive combinatorial rossibilities. It could be maintained that

the fact that the pencils were progressively dislayed under the In

the Head-Harker made the rapacity to conceive combinatorial possibilities

relatively unimportant whereas both hypotheses predict poor performance

under the In the Head-No Markers condition. The telling couuter-

argument has to do with titit :. nature of the poor performance under this

condition. The data suggest that the poor performance under the In the

Head-No Markers condition is attributable to memory failure rather

than failure In logi.

A more general reservation is that the children had oms'Iderable

experi. nce with all of the penclls during the orientation task such

that during problem solving it was not necessary for them to "conceive'

entirely new cebin-LcAons but merely to recall cimbinations--that is,

peg ctils--which they had seen earlier. None of the data from the present

experiment permit a rebuttal to this argument.

In summary, the data strongly suggest that one function of

instances in the form of concrete stimulus objects is to make a physical

record of the problem solver's responses and accompanying stimuli

associated with these responses. The performance of eight- ard nine-

year-olds on concept attadnment problems seems to be facilitated by

the presence of concrete stimulus objects because the objects help the

child remember what he has already done and what he has already learned.
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The data do not support the eiagetian hypothesis: that instances in the

farm of concrete timulus objeLts facilitace the problem solving

performance of children because they otherwise would not be able to

conceive the instances logically needed co solve concept attainment

problems; however, there remains the puTsibility that this theory would

receive support under conditions r included in the present experiment.
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CHAPTER 6

Part Versus Whoir Task Procedures for Teaching
a Problem-Solving'Skill to Childrenl

Educators who have been influenced by the programed instruction

movement take it as self-evident tat the best way co teach a complex

skill is to analyze it onto component subskills and subconcepts, then

teach each of these in turn. Cast in different language such an

approach is a t-task metitcd 40 be contrasted with the whol7task

method in which the student is required to peeform the terminal behavior

as best he can from he very beginning Jf training. Surprising as it

may seem to those eho have been influenced by the conceptions of programed

instruction, the research on complex sk:11 training has frequently

shown whole methods to i.e superior to part methods.

The terms aLJ 'whole" will be used in this chapter as

shorthand cords fr3r talk-Jaz ebout the issue of how aeurthy and complicated

a segment of e task the student ehould be required to attempt during

instruction, especiall- during the inlcial stages of instruction. Part

methods result in low Initial error rates ad Zest progress at least

at the beginning of instreetion, but when account is taken of the Uwe

to combine the parts, cypicali'y the advantage for the part method has

been negligible at bese. In the ease of rote materials, practiee on

later parts (sublists) produces interference with earlier perte. Thie

1
A version of this chapter will appear in the Journal of Educa-

tional Psychology.
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interference must be overcome during the combination stage. With respect

to complex skills and structured, meaningful materitl, there are coordina-

tions and interrelationships among the subskills and subconcepts that

cannot be acquired from training with the components alone. Herein

lies one apparent reason that whole-task training has frequently proved

superior to part training in the case of complex skills.

Whether a procedure which emphasizes lengthy task segments will

prove superior to a procedure that begins with short task segments will

surely be heavily dependent upon the manner in which the training

procedures are developed. If entering behavior is underestiwated and

the steps in the part procedure are more finely granulated and more

numerous than necessary, it may be less efficient than a procedure in

which larger task segments are emphasized. Further, particularly when

the task analysis underlying the part procedure is incomplete, sabjects

who receive the "part" or small-step procedure may fail to learn

coordinations among component skills and concepts, whereas subjects

trained from the beginning on larger segments of the task may induce

these coordinations.

There may also be characteristics of tasks which systematically

interact with the length and complexity of the instructional units

into which the task is divided. Naylor and Briggs (1963) have suggested

that the relative effectiveness of part and whole methods is a function

cif the level of complexity and the degree of organization of the task.

Task "complexity" is said to refer to demands on information- processing

and memory-storage capacities" while tash "organization" is said to
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refer to the nature and extent of the interrelationships among task

dimensions. As organization increases, whole methods are predicted to

be increasingly superior to part methods. For a highly organized task,

an increase in complexity (difficulty) is predicted to result in

greater superiority for the wt le method. The part method is predicted

to be superior to the whole method only in the case in which the task

is both complex and unorganized. Naylor and Briggs (1963) completed an

experiment, using what may be called concept learning tasks, in which

it was found that the whole method was much better than the progressive-

part method on a highly organized task regardless of task complexity.

On an unorganized task, the whole method was slightly better when task

complexity was lots and very slightly worse than the progressive-part

method when task complexity was high.

The experiment reported herein involved a comparison of a small-

step, programed part-task method and a whole-task method for teaching

children a complex problem solving skill, the skill of varying each

factor iv succession while holding all other factors constant. `t is

etill is a classical strategy of experimental science and it is applicable

to a large and important class of problems (Bruner, Goodnow, and

Austin, 1956, pp. 81-125). The strategy was analyzed in detail in

Chapter 1.

Relative to the tasks employed by Naylor and Briggs (1963) the

problem -- solving task used in the present experiment would have to be

regarded as highly organized. Furthermore, the task is very difficult

(complex) for seven-year-olds (Anderson, 1965), the age of the subjects
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(Ss) in the present study. According to Inhelder and Piaget (1958,

p. 335) people do not normally acquire the skill taught in the present

experiment until 14-15 years of age. For these reasons, if Naylor and

Briggs (1963) are correct, this should be a case in which the whole

method is vastly better than the part method.

Method

Materials. Three sets of materials were employed. These materials

were described in detail in Chapters 1 and 2. The description will be

merely summarized here. The card array consisted of eight 2-1/2 X

3-1/4 in cards taped in an orderly arrangement on a 16 X 18 in. Masonite

panel. The cards had figures inscribed upon them that varied with

respect to number (one figure or two figures), color (red or green),

and form (rectangle or diamond). The cowboy game consisted of eight toy

plastic cowboys and accessories imbedded in an orderly arrangement in

a 12 X 13 in. plaster of paris base. The cowboys were either standing

or riding horses, either with or without hats, and either with or without

rifles. The final set of materials consisted of eight yellow, hexonanal

number ItIdo pencils. The pencils displayed three attributes: length

(6 or 2 in.), presence or absence of eraser, and sharpened or unsharpened.

The pencils were arrayed in a disorderly fashion on a table in front of

the S. While these three sets of materials involved different stimulus

dimensions and different 'story lines" were employed with them, an

identical problem solving task could be created with each set of

materials.
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Part-task traininA. Three programs, one for each of the three

sets of materials, were developed to teach children to apply the technique

of varying each factor in succession while holding all others constant.

These programs had their origins in a free wheeling, loosely-programed

training procedure which, nonethless, achieved considerable success

with bright first graders (Anderson, 1965). A modification of this

procedure, which more nearly resembled a program, was first developed

fcr the card array. This 133-frame version was tried with 10 second

graders from a lower middle class, urban school. Six of the 10

reached an a 2skA. criterion of correct performance on four out

of the last five frames in the program. One chili stalled completely,

failing to complete the program. Three other children completed the

program but failed to reach the criterion. Among those who completed

the program, the error rates ranged from 6.0% to 31.6% and the mean

was 17.6%. The mean time to complete the program was 66 minutes.

A substantial revision of the card array program was completed in

which 49 frames were added, a number modified, and none eliminated.

The revised program was tried with 10 second graders from a school in

a rural community. On the last 10 frames of the program, upon which

terminal behavior was required, seven children made no errors, one

made one error, oae made two errors, and one made three errors. The

error rates over the entire program ranged from .5% to 18.7% and the

mean was 8.7%. The mean time for completion was 73 minutes. A revision

was made on the basis of these data. Eighteen frames were added to

make a total of 200 and several other frames were modified. The card

array program was not used again until the experiment described in

this chapter.
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The pencil program consisted of a literal translation of the card

array program. In each frame, a pencil word or symbol was substituted

for every card array word or symbol. No other modifications were mach

Prior to the experiment, the pencil program was run, with 10 naive

sacond graders from a school in a rural community. The error rates

ranged from 1.5% to 11.0% with a mean of 6.9%. The mean time to complete

the program was 104 minutes. On the last 10 frames, six children m de

no errors, three made one error, and one made two errors. The cowboy

program was also created by a literal translation of the card array

program; however the cowboy program was not used with any children

prior to the experiment.

The final form of the programs embodied an analysis of the total

problem-solving strategy into two major subskills. The first section

of each program was designed to teach appropriate conclusion-drawing

behavior. E began by naming concepts while S pointed to all of toss

positive instances of the concepts. Then the roles were reversed;

E pointed to all of the positive instances of concepts and S named

the concepts. Next, E pointed to sets of instances, some positive and

some ne6ative, in such a way that each set defined a concept; S named

the concepts. For example, E might point to a long sharpened pencil

with no eraser and a short sharpened pencil with no eraser, indicating

that each of these "showed the secret, then a long sharpened pencil

with an eraser and a long unsharpened pencil without an eraser,

indicating that the latter two did not "show the secret. If the child

responded "the secret is sharpened with no eraser,F he answered
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correctly. When S could correctly name seven out of eight consecutive

concepts given a set of defining instances (a criterion he was required

t meet before proceedinz), he was then judged to have acquired a

satisfactory approximation of the conclusion-drawing skill.

The second component in the total problem-solving skill is the

skill of selecting appropriate instances. To begin the section of the

program teaching this skill, E pointed to an instance. S was required

to pick an instance which was. different from E's instance in a specified

way but the name in every other way. For example, S might be instructed

to "pick a pencil just the sam a-,-; mine except`- that it is a different

length." After several frames 1 v+ 1vinf4 the stimulus dimensions of

a task taken one at a time, S was than required to pick three in taw ces,

each of which differed in exactly one respect f.,:m the instance

designated by E. When S reached a criterion of seven out of eight

consecutive correct selections of sets of three inr,ts, he had

mastered the skill of selecting instances.

The final section of each version of the part-task program taught

the child to integrate the conclusion-drawing skill with the instance-

selection skill. In this section, the child selected a set of

instances; using the child's instance, E defined a concept fitiall

the child named the concept. Next, E began indicating whether each

instance was positive or negative as soon as the child selected it,

instead of waiting until he had selectee the entire set. This

latter procedure was the same as with e.he terminal problems, except that

when the child selected an Inappropriate instance he was corrected
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before being told whether the instance was positive or negative. The

child was not corrected on the 20 terminal frames, each of which

entailed a problem presented using the same procedures as were used

for test: LJ_Jblems.

A standard correction procedure, not expressly described within

the program, was implemented by E whenever S made an error.

created a new problem similar to the one upon which the error was made,

told S the answer to the new problem, and then presented the original

problem a second time. This procedure almost always prompted the correct

response

Whole -task sallaiin. Whole-task programs were developed for

the card array, the cowboy game, and the pencil collection. The

three versions of the program were equivalent in the sense that a

systematic substitution of words and symbols would permit the literal

translation of one version into anotheL7, The first section of the

whole-task program was identical to the first section of the part-

task program. In this section E named concepts and S pointed to all

of the positive instances of the concepts. Thereafter, S received

terminal problems. E designated a focus instance. S's task was to

choose instances until he could name the concept. Whenever S chose

an instance E indicated whether the instance "showed the secret."

With one exception, the procedures for presenting problems within the

whole-training program were the same as the procedures for administering

test problems to be described in the next section. The exception

was that when S selected six instances during a training problem
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without solving the problem E told the child the correct concept.

Feedback of this sort was not given during the last 20 training

problems nor during test problems.

The part-task and whole-task programs were equated in terms of

the total number of task-relevant overt responses required under the

assumption of error-free performance. This measure resembles measures

such as number of trials that can be applied to simple tasks. For

example, a child who behaves ideally on a terminal problem will select

three instances and state a c:onclusion, a total of four distinguishable

overt responses. Each of the versions of the part-task program

required a total of 360 task-relevant, overt responses whereas each

of the versions of the whole-task program required 364 such responses.

The first 28 and the last 80 responses (20 terminal problems) were

the same for both programs. In between, those who received the part-task

program were led to make a progression of 252 responses designed to

teach them a conclusion-drawing skill, an instance-selection skill,

and to integrate the two, as detailed earlier. The middle section of

the whole-e.ask program, on the other hand, contained 64 terminal problems

which could have been solved with 256 overt responses. It should be

emphasi.,ed that these calculations are based on the assumption of

error-free performance. Of course, errors were made. Based on data

collected during the experiment, the typical S who received the part-

task program -:11 estimated 410 overt, task-relevant responses while

the typical S volao received whole-task training made about 620 such

responses.
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Procedure. The tr

by three female gradua

hours experience tra
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aiming and the test problems were presented

to assistants, each of whom had had 15 or more

ning and testing children prior to the experiment.

The author monitored one to two hours of each E's preexperimental

training and testing performance. Several staff conferences were held

in which the let

ambiguities res

each E had a t

summarizing

forth the p

Each

the Ss u

ter and spirit of the procedures were dei:ailed,

olved, and difficult problems discussed. In addition,

en-page manual giving an overview of the experiment and

training procedures, and a seven-page manual setting

rocedures for administering test problems.

child was trained and tested by a single E. One-third of

nder each treatment in the experiment were run by each E.

Training and testing sessions were scheduled to be 20 min. in length.

Unless

spec

a w

the child was sick or some other circumstances such as a

ial school program intervened, the child received three sessions

MP
eek until he completed the training and the testing. Most sessions

ere conducted at three widely separated stations in a large general

purpose room in the cooperating elementary school.

For both part-task training and whole-task training there was

a mimeographed copy of the program for each child. The child did not

read the program. Rather, the program was a script that guided the

behavior of E. Except as otherwise indicated, E adhered closely to

the program, which described the stimulus S was to see, contained the

verbatum language E was to use, and indicated the response or responses

S was to give.
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Under both training methods E made generous use of social

reinforcement. The frequency and contingencies of reinforcement were

not expressly indicated within the programs, but instead were under

the extemporaneous control of E. Particularly with respect to the

whole-training procedure, which was quite aversive for some Ss (at

the beginning; of training, especially) E was coached to maintain a

pleasant, nonjudgmental posture in the face of poor performance, and

to find every opportunity to reinforce. Overall, E probably g.ve

supplementary social reinforcement (in addition to feedback) for about

every third correct response or chain of correct responses, except

when S was doing poorly, in which case every correct response was

reinforced.

Presentation and scoring of test problems. The procedure was

described in detail in Chapter 2 and will not be repeated here.

An S solved a problem when he selected a series of instances and

stated a conclusion such that the instances implied the conclusion and

no other. Performance on terminal problems was scored on a three point

scale as follows: a) S solves the problem and neither makes any

logically inappropriate choices of instances nor states any incorrect

conclusions (2 points); b) S solves the problem but makes one or

more inappropriate choices or states one or more incorrect conclusions

(1 point); c) S fails to solve the problem (0 points). The test protocols

were punched on cards and then scored on an IBM 1620 computer using

a program written for this purpose. The terminal problems included

within the training programs were scored on the same three point scale
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as the test problems. However, problems presented during training

were scored on the spot by E and only an abbreviated protocol was

written. The measure reported is percent of possible score. For

example if an S solved a problem but made one or more inappropriate

choices of instances his score would be 50% on that problem.

plElo and subiects. There were three treatment conditions. One

group (P) received part-task training. Another group (W) received whole-

task training. A control group (C) received no treatment. Every Sin

the former two groups received training with two sets of materials.

One-sixth of the Ss in each of the training groups was assigned to one of

the six possible permutations of the three sets of training materials

taken two at a time. About 48 hours after completing training, Ss in

the training groups received eight test problems to assess retention. The

retention problems involved the second set of materials with which S

received training. Each control S received the retention problems during

his first experimental, session. One-third of the control Ss received

problems involving each of the three.sets of materials.

About, 48-hours.after receiving the retention problems Ss received

a series-of eight' test. problems to assess transfer of training. The

transfer problems- entailed the set of materials which. S had not,

encountered during training. One-third of the control Ss received transfer

problems involving each of the three sets of materials, a different set

than was encountered during the retention problems.

With respect to both the retention and transfer problems, S received

two 0-dimensional problems, two 1-dimensional problems, two 2-dimensional
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problems, and two 3-dimensional problems. The order of presentation

of problems was randomized for each S independently of other Ss.

The Ss were 53 second-semester first graders from a predominantly

middle-class school located in a new housing development on the outskirts

of a Midwestern city of 30,000. These Ss were randomly selected from

among all of the first graders in the school and randomly assigned to

experimental conditions. Since the study was conducted over a three month

period, the experimental conditions were scheduled in a predetermined

random order. There were 18 Ss in Group Wand in Group C but only 17

in Group P. There was to have been an eighteenth S in this group; however,

the last S to be run (who appeared to be making normal progress) had to

be dropped because of the impending end of the school year. He was

replaced by a dummy case at the cell mean to balance the design for

statistical purposes.

Classroom teachers administered the California Test of Mental

Maturity (Long Form, 1963 Revision). Unfortunately one teacher found it

necessary to terminate the examination in the middle of a subtest

because of inattention and disorderly behavior, so It is not possible

to report IQs or MAs. Raw score (not including Delayed Memory subtest

score) means and standard deviations were 64.6 and 9.2 for Group P,

69.3 and 7.4 for Group W, and 66.4 and 7.0 for Group C (F = 1.77,

df = 2/52, /1> .05).
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Results

Acquisition. Table 1 contains mean training times. Table 2

contains mean percent of possible score on the last training problems.

Table 3 presents the analyses of variance for these uearures. Ae can

be seen, Group P performed better on the problems whereas Group W

completed training in a shorter period of time. Based on the estimates

of number of responses made during training, - :rich were described

earlier, and the training times that appear in Table 1, it is estimated

that during training Group P made relevant, overt responses at the rate

of about 3.7 per min. The rate for Group 0 is estimated to have been

about 7.9 per min.

The mean training times for Group P were considerably higher than

the times obtained during preexperimental development of the programs.

Part of the discrepancy was no doubt due to the face that second 3raders

were used in most of the developmental work while first graders were

employed in the experiment. Also at two points in the versions of

program used in the experiment S had to reach a criterion before pro-

ceeding. These criteria were not part of the preexperimental procedure.

It might be argued that if Group W had been allowed as much

training time as Group P it would have performed as tell on the terminal

problems. Fig. 1 pictures performance over blocks of 12 problems for

Group W. Notice that performance reaches an asymptote by the sixth or

seventh block on the first task. Consequently, it seems highly

improbable that further practice would have improved the performance

of Group U very much.
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Table 6.1

Meaa Training Time in Minutes

143

Materials

First Task Second Task

Part
Training

Whole
Training

Part
Training

Whole
Training

Cards 96.4 76.3 96.2 53.0

Cowboys 144.9 93.2 81.7 65.3

Pencils 135.9 8.2 107.7 85.2

All materials 125.7 89.2 95.2 67.8

Note.--The Ss (estimated from NS error terms) were 25.9 for

the first task and 24.4 for the second task.
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Table

Mean Percent of Possible Score on the
Last Twelve Training Problems

144

Material

First Task Second Task
.1.110.=111.1m11.1.111Wwilymr.L.JaaMe.yarall.01.Ney

Part Whole
Training Training

Part
Training

Whole
Training

Cards 88.9% 56.9% 63.9% 57.6%

Cowbo ys 49.3 54.2 85.4 42.4

Pencits 84.0 43.7 81.2 63.2

All materials 74.1 51.6 76.9 54.4

Note.--The Os (estimated from NS error terms) were 17.3 for

the first task and 18.0 for the second task.
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There were significant differences between materials on the first

training task due in large part to the relatively poor performance with

the cowboys. We have observed that the story line employed with the

cowboys tends to interfere with the problem-solving of some children,

who insist that the "friends of the sheriff" must have rifles or must

ride horses. Other investigators have made similar observations

(Bruner, et al, 1956, p. 111). Evidently by the time he reached the

second task S had learned enough so that he was not distracted by the

story line.

There were significant materials effects on training time due to

the pencils. The pencils were handled by S and shuffled by E after each

problem. These manipulations took time.

Retention and transfer. Table 4 presents the analyses of variance

for the retention and transfer problems while Table 5 contains the means

for the two kinds of problems. In both cases there were insignificant

differences among treatments. Comparisons (a = .01) using the Newman-

Keuls procedure indicated that on retention problems Group P was superior

to both the other groups and Group W was superior to Group C. On the

transfer problems Groups P and W were not significantly different but

both were superior to Group C.

There were significant differences in the difficulty of the transfer

problems according the number of relevant stimulus dimensions the

problems entailed. The means were 44.9%, 49.1%, 42.6! and 32.9% for the

0 -, 1-, 2-, and 3-dimensional problems, respectively. There was also
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Table 6.4

Analysis of Variance for Retention and Transfer Data

148

Source df

Retention Problems

MS

Transfer Problems

MS F

Between Ss

Treatment (T)
Materials (II)

T X M
Ss w. gry t's

Within $s

Dimensions (D)
T X D
M X D
TXMXD

Ss w. groups X D

2 103.39 60.55
**

26.54
**

11.80

2 1.01 .59* 2.06 .91

4 5.42 3.18 3.10 1.38

45 1.71 2.25

**
3 1.07 2.40 4.08 6.00

6 .64 1.44 .81 1.19**

6 .30 .68 2.12 3.12

12 .62 1.39 ,62 .92

135 .45 .68

*
< .05

**
.01
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Table 6.5
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Mean Percent of Possible Score on Retention and Transfer Problems

Part Training Whole Training No Training

Retention problems

Cards 62.5% 57.3% 10.4%
Cowboys 86.5 35.4 18.8
Pencils 76.1 55.2 16.7
All materials 75.0 49.3 15.3

Transfer problems

Cards 44.8 58.3 30.2
Cowboys 49.0 41.7 21.9
Pencils 65.6 46.9 22.9
All materials 53.1 49.0 25.0

Note.--The SDs (estimated from MS error terms) were 16.3 for

the retention problems and 18.8 for the transfer problems when

scores were pooled across dimensions.
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a significant Materials X Dimensions interaction for the transfer problems,

due primarily, for reasons which are not clear to the authors to the

relatively great difficulty of the 0-dimensional card problems.

Discussion

The results indicate some limits to the generality of the rule

proposed by Naylor and Briggs that whole training will be superior to

part training for "highly organized" tasks. Of course it may be that

there are characteristics of tasks, such as the amount and nature of its

organization, which systematically interact with the length and complexity

of the responses required from the subject at various stages during

training, but this is evident a matter about which there is much to

be learned. The present author is pessimistic about the liklihood

that broad generalizations concerning, method-task interactions will

emerge in the near future. Too much depends upon the specific features

of the methods and the details of implementation of these features.

Both informal observation and the objective data suggest that in

the present study Ss who received whole training did not acquire a

systematic instance-selection skill, or, at least, that they did not

acquire the same skill as was acquired by most Ss who received part

training. The whole group made a mean of 1.88 logically inappropriate

choices of instances per retention problem, whereas the mean was 1.08

for the part group (t = 3.19, df = 33, II< .01). Furthermore, there is

reason to believe that there were qualitative differences in the

conclusion-drawing behavior of the two groups. Most Ss in the part group
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lead to draw conclusions based on a restricted set of instances

containing only the minimal information logically necessary to solve

the problem. Sz in the whole group seldom gave conclusions until they

had selected a larger-than-logically-necessary set of instances. The

typical S its. Group W rapidly and, seemingly, haphazardly selected

instances until a conclusion occurred to him. Most Ss in Group P, on

tIle other hand, selected instances slowly and their behavior usually

conformed to the method of varying each factor in succession while

holding all other factors constant. At the point at which just enough

information was available logically to solve the problem, the typical S

t4ho received part training usually offered a conclusion. The marked

differences between Groups P and U in rate of response during training

can be traced to the contrasting patterns of behavior typical of Ss in

the two groups.

It seemed possible that children who received part training would

be able to solve a high percent of the problems created with a new set

of materials. Obviously this did not happen, indicating the need for a

more refined method of producing generalized stimulus control (Anderson,

1965).

Group P did not do as well as would be expected on the basis of the

preexperimental data, probably because of the fact that first graders

participated in the experiment whereas second graders were employed

during program development. Actually the part procedure was successful

with the majority of the first graders. Of the 17 Ss who completed

part training, 11 scored 80% or better on the retention problems and
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only three scored below 50%. The latter three fell at the bottom of

the distribution of aptitude test scores.

Unnecessarily small and redundant steps and failure to provide for

integration of subskills and concepts may be shortcomings of any

particular lesson employing a small-step procedure. The guidelines for

lesson development which have emerged from the programed instruction

movement have not been demonstI-ated to guard against these shortcomings;

indeed, it is possible that such deficiencies, particularly unnecessary

redundancy, are endemic in currently available small-step, programed

lessons. In the present instance, a small-step procedure worked

relatively well. Whether a small-step, programed procedure would con-

sistently prove best in other instances remains to be seen.
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CHAPTER 7

Summary

153

A classical strategy of experimental science is to vary, manipulate,

or study each of the potentially relevant variables in succession

while holding all other variables constant. This strategy, in simple

or complex form, is the optimum method for solving a large and socially

important class of problems, including problems in scientific inquiry,

medical diagnosis, and the trouble shooting of equipment malfunctions.

One easy-to-study representative of this class of problems is the

concept attainment problem. The subject (S) is shown a positive

instance (i.e. an example) of a concept called the "focus instance."

He then chooses instances. At each choice he is informed as to whether

the instance is positive or negative. As soon as he is sure he knows,

the S names the concept. This report contains a theoretical and

experimental analysis of children's behavior on concept attainment

problems.

A standardized procedure was developed for administering concept

attainment problems to children in the six to ten year age range. In

all cases an experimenter (E) worked with a single S at a time in

sessions that were usually about 20 min. in length. The E read

directions, indicated the focus instance, gave feedback as to whether

the instances the S chose were positive or negative, gave one or

another of a series of standardized prompts necessary to keep S

performing, and decided when the problem should be terminated. The E

wrote a protocol indicating in coded form the instances S selected,
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the conclusions S stated, and the behavior of E in the sequence in

which these events occurred. The protocols were content enalyzed using

a computer program prepared for this purpose. Three basic measures

of problem solving performance were employed. The first was number of

problem solutions. An S solved a problem if he selected a series of

instances and stated a conclusion such that the instances logically

implied the conclusion and no other. The second measure was number of

logically inappropriate choices of instances dhile the third was number

of logically inappropriate conclusions. A summary measure represented

problem solving performance with a single score: a) the S solved the

problem and neither made inappropriate choices nor stated inappropriate

conclusions, b) the S solved the problem but made one or more

inappropriate choices or conclusions, c) the S failed to solve the

problem.

The first experiment investigated both task factors and aptitude

factors. A sample of 144 fourth graders completed nine concept attainment

problems and also a battery of 24 aptitude tests. The task factors

investigated were order of presentation, type of materials, and number

of stimulus dimensions defining the concept to be attained. Also

investigated were the difficulty of specific concepts,given the

materials,and number of relevant stimulus dimensions. Experimenter

and school were replication factors. The chief results and conclusions

of this study were as follows.

1. Given a specified set of materials and a pecified number of

relevant stimulus dimensions. the particular concept to be attained
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evidently has little effect on chilAren's problem solving behavior.

There were only three significant (a = .05) effects in 27 one-way

analyses of variance. Each analysis involved six groups,each of which

received a different concept. There was no apparent pattern to the

three significant effects that were obtained.

2. Order of presentation of problem sets had a strong effect on

all four dependent variables. Problem solving performance improved

from the first to the third set of three problems.

3. One-dimensional problems were easier to solve than either 2-

or 3-dimensional problems.

4. Type of materials affected only number of logically inappropriate

choices of instances per problem. There were more such choices during

cowboy problems than during card or pencil problems, perhaps because

the 'story line employed with the cowboys led to interfering associa-

tions.

5 There were more inappropriate conclusions, indeed, more verbal

behavior both appropriate and inappropriate, during 3-dimensional

problems than during 1- and 2-dimensional problems. This was inter-

preted to mean that positive instances play a role in controlling

conclusion-drawing and conclusion-stating behavior. Since none of the

instances, except the focus instance, which the child encounterd during

a 3-dimensional problem was positive, verbal behavfar was therefore

inhibited.

6. Seven of the ten expected factors materialized in the components

analysis of the intercorrelations among the aptitude tests. The rotated
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factors were named as follows: I. Verbal Comprehension, II. Speed,

III. Reasoning, IV. Ideational Fluency, V. Spatial Orientation, VI.

Figural Adaptive Flexibility, VII. Originality.

7. Two aptitude factors--Spatial Orientation and Figural Adaptive

Flexibility--showed modest correlations with problem solving performance.

Evidently skill in dealLng with spatial configurations plays a role in

performance on concept Littainment problems.

A second experiment investigated the effects of concrete stimulus

objects on children's problem solving behavior. A Piagetian hypothesis

is that concrete stimulus objects are important for the problem solving

perforwance of children in the seven to eleven year age range _(,.cause

children of this ale are unable to 'conceive combinatorial possibilities."

Consequently, if instances in the form of concrete stimulus objects

are not available the child will be unable to select or construct

instances logically appropriate to solve concept attainment problems.

An alternative hypothesis, based on the awaysis and data of this

project, is that concrete stimulus objects are chiefly important as a

memory aid; the objects help the child to remember what he has already

learned. A sample of 24 third and fourth graders worked three pencil

problems either "on the board, in which the pencils were arrayed

in front of the child, or "in the head," in which the pencils were

concealed from the child's view. Under each condition, half of the Ss

received Markers. That is, each pencil named by S was selected by E

and placed in view. The remainder received the No Markers condition.

Consistent with the memory hypothesis, but not the Pigetian hypothesis,
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the In the Head-No Markers group showed significantly more inappropriate

choices and significantly fewer solutions than the In the Head-Markers

group, whereas the In the Head-Markers group was not different from the

two On the Board groups. A further, fine-grained analysis suggested

that the poor performance of the In the Head-No Markers group was

attributable to memory failure rather than logical failure. An incidental

result was that there were fewer inappropriate conclusions during 3-

dimensional problems than during 1- and 2-dimensional problems,

confirming the result obtained in the preceding experiment.

A third experiment compared methods of teaching children to solve

concept attainment problems. Because of the programed instruction

movement, it is widely believed that the optimum way to teach a complex

skill is to analyze it into component skills and concepts LLid then

teach each of these in turn. Put in other terms this is a "part-task"

method to be contrasted with a "whole-task' procedure in 'filet, the

learner attempts the total skill early in training. The literature

suggests that the whole-task procedures are better than part-tsk

procedures particularly when a highly organized skill is being taught.

Nonetheless, there is reason to believe that a programed part-task

procedure might lead to better performance than an appropriate whole-

task procedure even with respect to highly organized skills, provided

that the part method is based on an adequate analysis of the task that

takes account of the relationships among component skills. A part-task

program was developed in a lengthy process of tryout and revision.

The whole-task program included the same introductory and terminal
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frames as the part-task program but the middle portion contained 84

terminal problems. These problems could be solved with 256 task-relevant

responses whereas those who received the part-task program were led

to make a progression of 252 overt responses designed to teach them a

conclusion-drawing skill, an instance-selection skill, and the integration

of the two into a total skill. Groups of 18 first graders received

either part-task or whole-task training with two sets of materials.

Later these two groups, and a third group which received no training,

got problems involving materials included during training to assess

retention and problems from materials not included during training to

assess transfer. On retention problems the part-task group did

significantly better than the whole-task group which was in turn

significantly better than the no-training group. The mean score on the

summary measure of problem solving was 75% for the part-task group,

indicating that the average child who received this form of training

could solve three out of four problems presented to him without making a

single logically inappropriate choice of instances or a single logically

inappropriate conclusion. Those who received whole-task training showed

improvement but there was a rather low ceiling under this method. On

the fourth block of 12 training problems whole-task Ss averaged 49%

of the possible score while they averaged only 54% on the 14th block.

Both the part-task and whole-task group performed significantly better

on the transfer problems than did the no-training group; however, there

was no difference between the former two groups. The results of this

experiment confirm Anderson's (1964, 1965) earlier finding that
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contrary to prominent developmental theories, first graders can develop

a high level of skill at solving complex problems said to involve

hypothetico-deductive reasoning. The experiment further showed some

limits to the generalization that whole-task methods will be superior

to part-task methods for highly organized skills.
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APPENDIX I

CONTENT ANALYSIS PROGRAM
CARDS

DIMENSION ITASK(2), J(61), ITRIL1(6), ITRIL2(6), ITRIL3(6),
1 ITRIL4(6), ITRIL5(6), ITRIL6(6), ICCEP(8)e

2 IFELD1(5), IFELD2(5), IFELD3(5), IFELD4(5),

3 IFE05(5), IFF106(5), IFEL07(5), A(6), AA(6), JJ(11)

C THE FIRST CARD MUST SAY PRINT OR PUNCH, STARTING IN COLUMN ONE

READ 9500, I

9500 FORMAT(1 X,A1)
IF(I-5900)9501,9503,9504

9501 PRINT 9502
9502 FORMAT(62HTHE FIRST CARD MUST SAY PRINT OR PUNCH, STARTING IN COLU

1MN ONE)
GO TO 9999

9503 IPRINT=1
GO TO 9505

9504 IPRINT=2
9505 ISKIP=1
4002 IFIELD=0
C MAIN LOOP

DO 4100 LOOP=1,100
C FIELDS -- USE (IFELDN(IFIELD), IFIELD 1,5)

ALOOP=LOOP
FLOOP=LOOP/5
IF((ALOOP/5.0)FLOOP)3519,6005,6000

6000 IFIELD =1 +IFIELD
GO TO (6001,6002,6003,6004), IFIELD

6001 READ 1, A, J
1 FORMAT(1X,A3,A1,A3,A4,A3,A3,1X,61A1)

IF(J(13)-7100)5058,9549,5060
5060 GO TO (9554,6001),iP
9549 1E(.00P-1)9551,9551

M
,9550

9550 GO TO (9560,9562),IPRINT
9560 IF(ITRIAL-6)9561,9551,9551
9561 PRINT 1002

GO TO 9551
9562 IF(ITRIAL-6)9563,9996,9996
9563 IITERM=IITERM+1
9996 IUNNEC=I1NEFF+IREDUN+IREPET

IINAPP=ICONB14-11NCON+IVM+IVPR
1EXBEH=IP1+11224.1P34-1M1+1M2+1M3+1E1+1E2+1M4
PUNCH 9555, AA,(JAI),1=1,5),(JJ(1),1=7,11),1Erne,

1 IINEFFOREDUNOREPET,ICONBIOINCON,IVM,IVPROP1,1P2,1PLIM1,
2 IM2,1M3,1E1,1E2,1PWORC,IITERMOSOLVEOUNNECOINAPP,
3 IEXBEH

9555 FORMAT( 1W,A3,A1,A3,A4,A3,A3,1X,5A1,1X,5A1,1X,2211,12)
C THE FOLLOWING VARIABLES STORE TRIAL DIFFERENCES

9551 DO 4003 1=1,6
ICCEP(I)=0
ITRIL4 (1)=0

4003 ITRIL6(I)=0
ICCEP(7) =O



CCEP(8)=0
CIIANG=1
CONC1=0
CONC2=0
CONC3=0
CONC4=0
TRIAL=0
VERB4=0
EFFIC=0
INEFF=0
REDUW=0
REPET=0
CONBI=0
1NCON=0
VM=0
VP z =0

P1=0
P2=0
P3=0
M1=0
M2=0
M3=0
E1=0
E2=0
PW=0
RC=0
ITERM=0
SOLVE=0
LEFT2=8
GO TO (9552,9554),IPRIO

9552 PRINT 9564
9564 FORMAT(///)

PRINT 9553,A(3),A(6),(J(I),I 1,5),(J(1),I=7,11)
9553 FORMAT(5X,10HID NUMBER ,A3,5X,A3,514 TASK,5X,11HCONCEPT IS ,5A1,5X,

19HFOCUS IS ,5A1)
9554 ISKIP=1

DO 9997 1=1,6
9997 AA(1)=A(I)

DO 9998 1=1,11
9998 JJ(1)=J(1)

IFELD1(1) = j(17)
IFELD2(1) = J(18)
IFELD3(1) = J(19)
IFELD4(1) = J(20)
IFELD5(1) = J(21)
IFELD6(1) = J(22)
IFELD7(1) = J(23)
GO TO 6006

6002 FELD1(2) = J(26)
FELD2(2) = J(27)
FELD3(2) = J(26)
FELD4(2) = J(29)
FELD5(2) = J(30)
FELD6(2) = J(31)
FELD7(2) = J(32)
GO TO 6006

6003 IFELD1(3) = J(35)
IFELD2(3) = J(36)
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IFELD3(3) = J(37) 165
IFELD4(3) = J(33)
IFELD5(3) = J(39)
IFELD6(3) = J(40)
IFELD7(3) = J(41)
GO TO 6006

6004 IFELD1(4) = J(44)
IFELD2(4) = J(45)
IFELD3(4) = J(46)
IFELD4(4) = J(47)
IFELD5(4) = J(43)
IFELD6(4) = J(49)
IFELD7(4) = J(50)
GO TO 6006

6005 FIELD =5
FELD1(5) = J(53)
FELD2(5) = J(54)
FELD3(5) = J(55)
FELD4(5) = J(56)
FELD5(5) = J(57)
IFELD6(5) = J(53)
IFELD7(5) = J(59)
ICHANG=2

C DECODE THE FIRST COLUMN OF THE CONCEPT FOR THE CARD TASK
C (COLUMN 20)
C AND LET US CHECK TO SEE IF THE TRIAL SIGN WAS CORRECT WITH
C RESPECT TO THE CONCEPT
6006 1MM-4200)9099,3002,13
9099 ICONC4=1

IWAS1=2
IWAS2=2
IWAS3=2
GO TO 40

3002 ICONC3=1
GO TO 33

13 W(JW-4400)3501,3003,14
3 003 ICONC3=2

GO TO 33
14 W(JW-4700)3501,3004,15
3 004 ICONC2=1

GO TO 20
15 IF(41)-5900)3501,3005,10
3 005 ICONC2=2

GO TO 20
10 IF(J(1)-7100)3501,3000,11
3000 ICOMC1=1

GO TO 20
11 IF(J(1)-7200)3501,3001,3501
3 001 ICONC1=2
C DECODE THE SECOND COLUMN OF THE CONCEPT FOR THE CARD TASK
C (COLUMN 21)
20 IF(J(2)-4700)21,201.202
201 ICONC2=1

GO TO 30
232 ICONC2=2

GO TO 30
21 IF(J(2)-4200)33,22,23



22 ICONC =1
GO TO 33

23 ICONC3=2
GO TO 33

C DECODE THE THIRD COLUMN OF THE CONCEPT FOR THE CARD TASK

C (COLUMN 22)
30 IF(JICON (3)-4200)33,31,32

31 C3=1
GO TO 33

32 ICONC3=2
GO TO 33

C NOW THE CONCEPT (1-3 DIMENSIONS) IS CODED IN ONES AND TWOS.

C NOW CHECK TO SEE WHICH DIMENSIONS WERE USED

C WAS THE FIRST DIMENSION USED
33 IF(ICONC1)3502, 35,34
34 IWAS1=1

GO TO 36
35 IWAS1=2
C WAS THE SECOND DIMENSION USED

36 IF(ICONC2)3502, 38,37
37 IWAS2=1

GO TO 39
38 IWAS2=2
C WAS THE THIRD DIMENSION USED

39 IF(I CONC3)3502, 392,39
391 IWAS3=1

GO TO 40
392 1WAS3=2
C DECODE THE FOCUS FOR THE CARD TASK (COLUMNS 26-28)

40 IF(J(7)-7100)3503,401,402
401 IFOCS1=1

GO TO 41
402 IFOCS1=2
41 IF(J (8)-4700)3503,411,412
411 IFOCS2=1

GO TO 42
412 IFOCS2=2
42 IF0(9)-4200)3503,421,422
421 IFOCS3=1

GO TO 100
422 IFOCS3=2

GO TO 100
C LOOK FOR A TRIAL NUMBER, BUT FIRST LOOK FOR A PLANK

100 IF(IFELD1(IFIELD))4102,1000,1499
1000 ISKIP=2

GO TO (1494,1496),IPRINT
1494 IFOTRIAL-6)1495,4001,400i
1495 PRINT 1002
1002 FORMAT(44HEXPERIMENTER TEPMINATED THE PROBLEM TOO SOON)

GO TO 4001
1496 IF(I TRIAL-6)1497,1498,1498
1497 IITERM=IITERM+1
1498 IUNNEC=IINEFF+IREDUN+IREPET

IINAPP=ICONBWINCON+IVM+IVPR
1EXBEH=11511-1P2+1P3+1M1-1-1M2+1M34.1E14-1E24-1PW
PUNCH 9555,A, (J(1),I=1,5),(J(I),I=7,11),IEFFIC,

1 IINEFF,IREDUNOREPET,ICONBIOINCONOVMOVPROP1,1P2,1123,1M7
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2 IM2,1M3,1E1,1E2,11V,IRC,IITERMOSOLVEOUNNECOINAPP,
3 IEXBEH
GO TO 4001

C DECODE A F
1499
1500
1501
1502
1503
1504

F(
F(
F(
F(
F(
F(

FELD1(
FELD1(
FELD1(
FELD1(
FELD1(
FELD1(

ELD FOR THE CARD TASK
FIELD)-7100)106,101,1500
FIELD)-7200)4102,101,1501
FIELD)-7300)4102,101,1502
FIELD)-7400)4102,101,1503
FIELD)-7500)4102,101,1504
F1ELD)-7600)4102 101 4102

C TRANSFER TO 101 INDICATES THIS WAS A TRIAL
101 ITRIAL=ITRIAL+1

IF(IFELD2(IFIELD)-7100)3504,1011,1012
1011 ITRIL1 (ITRIAL) =1

GO TO 102
1012 ITRIL1 (1TRIAL)=2
102 IF(IFELD3(IFIELD)-4700)504,1021,1022
1021 ITRIL2 (ITRIAL)=1

GO TO 103
1C22 ITRIL2 (ITRIAL)=2
103 IF(IFELD4(IFIELD) 4 00)3504,1031,1032
1031 ITRIL3 (ITRIAL)=1

GO TO 104
1032 ITRIL3 (ITRIAL)=2
104 1F(IFELD5(IFIELD)-1000)3504,1041,1042
1041 ITRIL4 (ITRIAL)=1

GO TO 3007
1042 ITRIL4 (ITRIAL)=2
C NOW SET AN INDICATOR - ONE FOR PLUS, TWO FOR MINUS.
3007 ICHECK=1
3008 GO TO (3009,6007),IWAS1
3009 IF(ICONC1-1TRIMITRIAL))3010,6007,3010
3010 ICHECK=2
6007 GO TO (3011,6008),1WAS2
3011 IF(I CONC2-1TRIL2(1TRIAL))3012,6008,3012
3012 ICHECK=2
6008 GO TO (3013,3015),IWAS3
3013 IF(ICONC3-1TRIL3(ITRIAL))3014,3015,3014
3014 ICHECK=2
C NOW CHECK THE SIGN
3015 IF (ICHECK ITRIL4 (ITRIAL)) 3016, 1050, 3016
C IF CONTROL REACHES 3016 THEN THE TRIAL WAS M1SCODED.
3016 PRINT 3017, !TRIAL
3017 FORMAT (6HTRIAL , I1 ,51H WAS MI SCODED BY THE EXPERIMENTER OR THE K

1EYPUNCHER)
PRINT 1,A,J
ISKIP=2
GO TO 4001

C TRIAL EVALUATION
C THE CONCEPT TABLE IS AS FOLLOWS
C ICCEP(1) CONTAINS NONE OF THE ATTRIBUTES (I.E. ALL ELEMENTS)
C ICCEP(2) CONTAINS ONLY THE FIRST ATTRIBUTE
C ICCEP(3) CONTAINS ONLY THE SECOND ATTRIBUTE
C ICCEP(4) CONTAINS ONLY THE THIRD ATTRIBUTE
C 1CCEP(5) CONTAINS THE FIRST AND SECOND ATTRIBUTES
C ICCEP(6) CONTAINS THE FIRST AND THIRD ATTRIBUTES
C ICCEP(7) CONTAINS THE SECOND AND THIRD ATTRIBUTES



C ICCEP(8) CONTAINS ALL THREE ATTRIBUTES 168

C HOW MANY CONCEPTS ARE ON THE TABLE
1050 ILEFT1=0

DO 4006 ! =1,8

C ICCEP(I) =O FOR ON THE TABLE, AND ICCEP(I)=2 FOR OFF THE TABLE
IF (ICCEP(I)) 3513, 4005, 4006

4005 P-EFT1=ILEFT14.1
4006 CONTINUE
C NOW ILEFTI CONTAINS THE NUMBER OF CONCEPTS REMAINING ON THE TABLE

C WHICH ATTRIBUTES WERE CHANGED IN GOING FROM THE FOCUS

C TO THE TRIAL
1120 IF(IFOCS1-ITRIL1(ITRIAL))1122,1121,1122
1121 IATBT1=1

GO TO 1123
1122 IATBT1=2
1 123 IF (IFOCS2 ITRIL2 (ITRIAL)) 1125, 1124, 1125

1124 IATBT2=1
GO TO 6036

1125 IATBT2=2
6036 IF (IFOCS3 - ITRIL3 (ITRIAL)) 1127, 1126, 1127
1126 IATBT3=1

GO TO 1128
1127 IATBT3=2
C NOW WE KNOW WHICH ATTRIBUTES WERE CHANGED IN GOING FROM THE FOCUS

C TO THE TRIAL
C LOOK TO SEE IF THE TRIAL WAS POSITIVE OR NEGATIVE

1128 IF(I TRIL4(ITRIAL)-1)3517,1129,1100
C TRANSFER TO 1100 INDICATES THE TRIAL WAS NEGATIVE.

C WE MUST NOW DELETE ALL CONCEPTS IN THE TABLE THAT DO NOT CONTAIN

C AT LEAST ONE (OR SOME OR ALL) OF THE ATTRIBUTES CHANGED
C DEVELOP BRANCHING FOR TWO AND THREE VALUE CHANGES
1100 JDFRNC=O

GO TO (4271,4270),IATBT1
4270 JDFRNC=JDFRNC+1
4271 GO TO (4273,4272),IATBT2
4272 JDFRNC=JDFRNC+2
4273 GO TO (4275,4274),IATBT3
4274 JDFRNC=JDFIINC+4
C NOW BRANCH
4275 GO TO (4276,4276,4217,4276,4278,4279,4280),JDFRNC
4277 ICCEP(1)=2

ICCEP(4)=2
GO TO 1135

4278 ICCEP(1)=2
ICCEP(3)=2
GO TO 1135

4279 ICCEP(1)=2
ICCEP(2)=2
GO TO 1135

4280 ICCEP(1)=2
GO TO 1135

4276 GO TO (1102, 1101), IATBT1

1101 ICCEP(1)=2
ICCEP(3)=2
ICCEP(4)=2
ICCEP(7)=2

1102 GO TO (1104, 1103), IATBT2



1 103 ICCEP(1)=2
ICCEP(2)=2
ICCEP(4)=2
ICCEP(6)=2

1104 GO TO (1135, 1105), IATBT3
1105 ICCEP(1)=2

ICCEP(2)=2
ICCEP(3)=2
ICCEP(5)=2
GO TO 1135

C TRANSFER TO 1129 INDICATES THE TRIAL WAS POSITIVE.
C WE MUST NOW DELETE ALL CONCEPTS IN THE TABLE THAT CONTAIN THE
C ATTRIBUTE(S) CHANGED.
1129 GO TO (1131, 1130), IATBTI
1130 ICCEP(2)=2

ICCEP(5)=2
ICCEP(6)=2
ICCEP(8)=2

1131 GO TO (1133, 1132), IATBT2
1132 ICCEP(3)=2

ICCEP(5)=2
ICCEP(7)=2
ICCEP(8)=2

1133 GO TO (1131;, 1134), IATBT3
1134 ICCEP(4)=2

ICCEP(6)=2
ICCEP(7)=2
ICCEP(8)=2

C HOW MANY CONCEPTS REMAIN ON THE TABLE
1135 ILEFT2 = 0

DO 4008 1=1 8
IF (ICCEP(I)) 3513, 4007, 4008

4007 ILEFT2=ILEFT2+1
4008 CONTINUE
C NOW ILEFT2 CONTAINS THE NUMBER OF CONCEPTS REMAINING ON THE TABLE

C AFTER THE LATEST DELETION
C NOW WERE ANY CONCEPTS ELIMINATED BY THE TRIAL

IF (ILEFT1-ILEFT2) 4043, 4009, 4022
C IF CONTROL REACHES 4009 NO CONCEPTS WERE ELIMINATED
C NOW WAS IT REDUNDANT OR REPETITIOUS (WAS THERE A DUPLICATION)

C IT WILL HAVE DUPLICATED THE FOCUS IF IATBT 1,2, AND 3 ARE 1

4009 IF (IATBT1-1) 4044, 4010, 4014
4010 IF (IATBT2-1) 4044, 4011, 4014
401 1 IF (IATBT3-1) 4044, 4012, 4014
C (THEY ARE ALL ONE IF WE REACH 4012)
4012 GO TO (9507,9508),IPRINT
9507 PRINT 4013,ITRIAL
4013 FORMAT (6HTRIAL ,I1, 161 WAS REPETITIOUS)
9508 IREPET=IREPET+1

GO TO 4000
C (IT DID NOT DUPLICATE THE FOCUS, SO CHECK IT AGAINST THE

C PRECEDING TRIALS)
4014 DO 4018 1=1, !TRIAL
C ARE WE COMPARING THE TRIAL TO ITSELF

IF (I-ITRIAL) 4015, 4018, 4015
C NO
4015 IFOTRIL1(1)-ITRIMITRIAL))4018,4016,4018
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4016 IF (ITRIL2(I) ITRIL2(ITRIAL)) 4018, 4017, 4018 170

4017 IFOTRIL3(1)-ITRIL3(ITRIAL))4018,4020,4018
C IF CONTROL REACHES 4018 THEN A DUPLICATION DID NOT OCCUR
C THEREFORE THE TRIAL WAS REDUNDANT'
4018 CONTINUE

GO TO (9509,9510),IPRINT
9509 PRINT 4019,ITRIAL
4019 FORMAT(6HTRIAL ,I1,14H WAS REDUNDANT)
9510 IREDUN=IREDUN+1

GO TO 4000
IF CONTROL REACHES 4020 THEN A DUPLICATION DID OCCUR

4020 GO TO (9511,9512),IPRINT
9511 PRINT 4021,ITRIAL
4021 FORMAT(6HTRIAL 01,16H WAS REPETITIOUS)
9512 IREPET=IREPET+1

GO TO 4000
C AT LEAST ONE CONCEPT WAS ELIMINATED IF CONTROL REACHES 4022

C COMPARE WITH THE FOCUS
4022 IDIFFR=0

IMATBT1-2)4024,4023,4023
4023 IDIFFR=IDIFFR+1
4024 IF(IATBT2-2)4026,4025,4026
4025 IDIFFR=IDIFFR+1
4026 !F(IATBT3-2)4028,4027,4028
4047 IDIFFR=IDIFFR+1
C DID MORE THAN ONE VALUE CHANGE
4028 IF(IDIFFR-1)4045,4029,4031
C ONLY ONE VALUE CHANGED
4029 GO TO (9513,9514),;PRINT
9513 PRINT 4030,ITRIAL
4030 FORMAT(6HTRIAL 01,14H WAS EFFICIENT)

9514 IEFFIC=IEFFIC+1
GO TO 4000

C MORE THAN ONE VALUE CHANGED, SO CHECK AGAINST SUCCESSIVE POSITIVE

C TRIALS
4031 DO 4041 I=1,ITRIAL

IF(ITRIL4(I)-1)4054,4053,4041
4053 IDIFFR =O
C DO NOT COMPARE A TRAIL TO ITSELF

F(I -ITRIAL)40'2,4041,4032
FOTRIL1(1)-ITRIMITRIAL))4033,4034,4013
DIFFR=IDIFFR+1
FOTRIL2( I )-ITRIL2(ITRIAL))4035,4036,4035
DIFFR=IDI1=FR+1
FOTRIL3(1)-ITRIL3(1TRIAL))4037,4038,4037
DIFFR=IDIFFR+1

4032
4033
4034
4035

4036

37
C NOW CHECK TO SEE IF ONLY ONE VALUE CHANGED
4038 IF(10IF1R-1)4046,4039,4041
C ONLY ONE VALUE CHANGED
4039 GO TO (9515, 9516),IPRINT
9515 PRINT 4040,ITRIAL
4040 FORMAT(6HTRIAL 01,14H WAS EFFICIENT)
9516 IEFFIC=IEFFIC+1

GO TO 4000
4041 CONTINUE
C IF CONTROL REACHES HERE ALL TRIALS DIFFERED BY MORE THAN ONE VALU

C OR ALL PRECEDING TRIALS WERE NEGATIVE
C (THEREFORE THE TRIAL WAS INEFFICIENT)



GO TO (9517,9518),IPRINT 171

9517 PRINT 4042,ITRIAL
4042 FORMAT(6HTRIAL ,I1,16H WAS INEFFICIENT)
9518 IINEFF=IINEFF+1

GO TO 4000
C NON-TRIAL EVALUATION
C TRANSFER TO 106 INDICATES THIS WAS NOT A TRIAL,
C I.E. IT IS EXPERIMENTER RESPONSES, RC, VERBAL
C BEHAVIOR, VM OR VPR.
106 IF(IFELD1(1FIELD)5900)108,6037,110
6037 GO TO (9519, 9520),IPRINT
9519 PRINT 6033
6038 FORMAT(27HSUBJECT REFUSES TO CONTINUE)

GO TO 4001
9520 IRC=IRC+1

IUNNEC=IINEFF+IREDUN+IREPET
IINAPP=ICONBI+IINCON+IVM+IVPR
1EXBEI1=IP1+1P2+1P3+1M1+1M2+1M3+1E1+1E2+1PW
PUNCH 9 55,A, ( J(00=1,5),(J0).1=7,11),IEFFIC,

1 IINEFFOREDUN,IREPET,ICONBI,IINCONOVMOVPROP1,1P2,1P3,1M1,
2 IM2,1M3,1E1,1E2,1PWORC,IITERMOSOLVEOUNNECOINAPP,
3 IEXBEH
GO TO 4001

C TRANSFER TO 108 INDICATES THIS WAS AN EXPERIMENTER
C RESPONSE
108 IF(IFELD1(IFIELD)-5400)130,131,132
C TRANSFER TO 110 INDICATES THIS WAS VERBAL BEHAVIOR,
C VM, OR VPR
110 IVERB1=0

I VERB2=O
IVERB3=0
IF(IFELD2(IFIELD ) -7100)112,4400,4401

4400 IVERB1=1
GO TO 120

4401 IVERB1=2
GO TO 120

C TRANSFER TO 112 INDICATES THIS WAS VM OR VERBAL BEHAVIOR (BUT NOT
C ONE OR TWO)
112 IF(IFELD2(IFIELD)-5700)114,4302,4304
4302 GO TO (9521, 9522),IPRINT
9521 PRINT 4303
4303 FORMAT(4OHSUBJECT GIVES A VERBAL POINTING RESPONSE)
9522 IVPR=IVPR+1

GO TO 4000
4304 IVERB2=2

GO TO 120
C TRANSFER TO 114 INDICATES THIS WAS VM OR VERBAL BEHAVIOR (BUT NOT
C RED ONE, OR TWO OR V.P.R.)
114 IF(I FELD2(IFIELD)-4700)115,4305,4306
4305 IVERB2=1

GO TO 120
4306 GO TO (9523,9524),IPRINT
9523 PRINT 4307
4307 FORMAT(33HSUBJECT GIVES IRREGULAR STATEMENT)
9524 IVM=IVM+1

GO TO 4000
C TRANSFER TO 115 INDICATES THIS WAS EITHER BOXES OR DIAMONDS OR ALL
115 1F(IFELD2(IFIELD)- 4200)9101,4308,4309



9101 IVERB4=1
172

C IS THIS VERBAL BEHAVIOR--ALL--THE SAME AS THE CONCEPT

IF(IVERB4-ICONC4)4260,4253,4260
4308 IVERB3=1

GO TO 120
43 09 IVERB3=2
C LOOK FOR SECOND DIMENSION IN VERBAL BEHAVIOR

120 IF(IFELD3(IFIELD) .-7100)4209,4207,4208
4207 IVERB1=1

GO TO 125
4208 IVERB1=2

GO TO 125
4209 IF(IFELD3(IFIELD)-4700)4212,4210,4211
4210 IVERB2=1

GO TO 125
4211 IVERB2=2

GO TO 125
4212 IF(IFELD3(IFIELD)-4200)4250,4213,4214
4213 IVERB3=1

GO TO 125
4214 IVERB3=2

GO TO 125
C LOOK FOR THIRD DIMENSION IN VERBAL BEHAVIOR

125 IF(1FELD4(QFIELD)-7130)4217,4215,4216
4215 IVERB1=1

GO TO 4250
4216 IVERB1m2

GO TO 4250
4217 IF(IFELD4(IFIELD)-4700)4220,4218,4219
4218 IVERB2=1

GO TO 4250
4219 IVERB2=2

GO TO 4250
4220 IF(IFEL04(IFIELD)-4200)4250,4221,4222
4221 IVERB3=1

GO TO 4250
4222 IVERB3=2

GO TO 4250
C IS THE VERBAL BEHAVIOR THE SAME AS THE CONCEPT

4250 IF(IVERB1-ICONC1)4260,4251,4260
4251 IF(IVERB2-IC0NC2)4260,4252,4260
4252 IF(IVERB3-ICOMC3)4260,4253,4260
C YES IF WE REACH 4253--S0 HOW MANY CONCEPTS REMAIN ON THE TABLE

4253 IF(ILEFT2-1)4300,4256,4258
4256 ISKIP=2

GO TO (9525,9526), (PRINT
9525 PRINT 4257
4257 FORMAT(30HTHE SUBJECT SOLVED THE PROBLEM)

GO TO 4001
9526 ISOLVE=ISOLVE+1

IUNNEC=IINEFF+IREDUN+IREPET
IINAPP=ICONBI+IINCON+IVM+IVPR
IEXBEH=IP1+IP2+1P3+IM1+IM2+IM3+IE1+IE2+IPW
PUNCH 9555,A, (J(I),I=1,5),(J(I),I-7,11),IEFFIC,

1 IINEFFOREDUNOREPET,ICONBI,IINCONOVMOVPROP1,1P2,1P3,1M1,
2 IM2,1M3,1E1,1E2,1114,111C,IITERMOSOLVEOUNNECOINAPP,
3 IEXBEH
GO TO 4001



4258 GO TO (9527,9528),IPRINT 173

9527 PRINT 4259
4259 FORMAT(46HSIJRJECT GIVES CONSISTENT4tUTd.ANVALID STATEMENT)
9528 ICONBI=ICONBI+1

GO TO 4000
4260 GO TO (9529,9530),IPRINT
9529 PRINT 4261
4261 FORMAT(36HSUBJECT GIVES INCONSItTENT STATEMENT)
9530 IINCON=IINCON+1

GO TO 4000
C TRANSFER TO 130 INDICATES THIS WAS AN EUCIT
130 IF(IFELD2(IFIELD)...7100)3518,6046,6048
6046 GO TO (9531,9532),IPRINT
9531 PRINT 6047
6047 FORMAT(30HEXPEKIMENTER ELICITS STATEMENT)
9532 1E1=1E1+1

GO TO 4000
6048 GO TO (9533, 9534),iPRiNT
9533 PRINT 6049
6049 FORMAT(30HEXPERIMENTER ELICITS STATEMENT)
9534 1E2=1E2+1

GO TO 4000
C TRANSFER TO 131 INDICATES THIS WAS A MOTIVATE
131 iF(IFELD2(IFIELD)...7200)6050,6052,6054
6050 GO TO (9535, 9536),IPRINT
9535 PRINT 6051
6051 FORMAT(31HEXPERIMENTER MOTIVATES SLIGHTLY)
9536 IM1 =IM1 +1

GO TO 4000
6052 GO TO (9537,9538),IPRINT
9537 PRINT 6053
6053 FORMAT(33HEXPERIMENTER MOTIVATES MODERATELY)
9538 IM2=1M2+1

GO TO 4000
6054 GO TO (9539,9540),IPRINT
9539 PRINT 6055
6055 FORMAT(31HEXPERIMENTER MOTIVATES STRONGLY)
9540 IM3=1M3+1

GO TO 4000
C TRANSFER TO 132 INDICATES THIS WAS A PROMPT OR A PUT IN WORDS...'....PW
132 IF(IFELD2(IFIELD).4200)6056,605806060
6056 IF(IFELD2(1FIELD)600)4102,9130,9132
9130 GO TO (9541, 9542),IPRINT
9541 PRINT 9131
9131 FORMAT(12HPUT....114.40RDS)
9542 IPW=IPW+1

GO TO 4000
9132 GO TO (9543,9544),IPRINT
9543 PRINT 6057
6057 FORMAT(32HEXPERIMENTER G:VES SLIGHT PROMPT)
9544 IP1=11)1+1

GO TO 4000
6058 GO TO (9545,9546),IPRINT
9545 PRINT 6059
6059 FORMAT(34HEYPER1MENTER GIVES MODERATE PROMPT)
9546 IP2=1152+1

GO TO 4000
6060 GO TO (9547,9548),IPRINT



9547 PRINT 6061
174

6061 FORMAT(32HEXPERIMENTER GIVES STRONG PROMPT)

9548 IP3=1P3+1
C THE FOLLOWING FEW STATEMENTS TAKE CARE OF FIELD CHANGING

4000 GO TO (4100,4099),ICHANG
4099 IFIELD =O

I CHANG=1
4100 CONTINUE

GO TO 999
3500 PRINT 6062
6062 FOR MAT(38HTHE TASK (COLUMNS 0 12 ) IS MISPUNCHED)

PRINT 1,A,J
ISKIP=2
GO TO 4001

3501 PRINT 6063
6063 FORMAT(57HTHE FIRST COLUMN OF THE CONCEPT (COLUMN 20) IS MISPUNCHE

1D)
PRINT 1,A,J
ISKIP=2
GO TO 4001

3502 PRINT 6064
6064 FORMAT(47HPROGRAM ERROR IN COUNTINC DIMENSIONS IN CONCEPT)

ISKIP=2
GO TO 4001

3503 PRINT 6065
6065 FORMAT(39HTHE FOCUS (COLUMNS 26-28) IS MISPUNCHED)

PRINT 1,A,J
ISKIP=2
GO TO 4001

3504 PRINT 6066, I TRIAL

6066 FORMAT(6HTRIAL 01,15H WAS MISPUNCHED)
PRINT 1,A,J
ISKIP=2
GO TO 4001

3513 PRINT 6075
6075 FORMAT(21HERROR ONE BEFORE 4005)

ISKIP=2
GO TO 4001

3514 PRINT 6076
6076 FORMAT(12HERROR AT 115)

ISKIP=2
GO TO 4001

3515 PRINT 6077
6077 FORMAT(41HERROR THREE BEFORE 1282, OR 1283, OR 1286)

ISKIP=2
GO TO 4001

3516 PRINT 6078
6078 FORMAT(21HERROR AT 1305 OR 1306)

ISKIP=2
GO TO 4001

3517 PRINT 6079
6079 FORMAT(24HA TRIAL SIGN WAS MISSING)

PRINT 1,A,J
ISKIP=2
GO TO 4001

3518 PRINT 6080
6080 FORMAT(24HAN ELICIT WAS MISPUNCHED)



PRINT 1,A,..1
ISKIP=2
GO TO 4001

3519 PRINT 6081
6081 FORMAT(21HERROR ONE BEFORE 6000)

ISKIP=2
CO TO 4001

3520 PRINT 3521
3521 FORMAT(13HERROR AT 1273)

ISKIP=2
GO TO 4001

4043 PRINT 4047
4047 FORMAT(21HERROR FOUR AFTER 4008)

ISKIP=2
GO TO 4001

4044 PRINT 4048
4048 FORMAT(23HERROR AROUND OR AT 4010)

ISKIP=2
GO TO 4001

4045 PRINT 4049
4049 FORMAT(13HERROR AT 4028)

ISKIP=2
GO TO 4001

4046 PRINT 4050
4050 FORMAT(13HERROR AT 4038)

ISKIP=2
GO TO 4001

4054 PRINT 4055
4055 FORMAT(20HERROR ONE AFTER 4031)

ISKIP=2
GO TO 4001

4102 PRINT 4103,IFIELD
4103 FORMAT(6HFIELD ,I1,15H WAS MISPUNCHED)

PRINT 1,A,J
ISKIP=2
GO TO 4001

4300 PRINT 4301
4301 FORMAT(13HERROR AT 4253)

ISKIP=2
GO TO 4001

5058 PRINT 5059
5059 FORMAT(23HCOLUMN 32 IS MISPUNCHED)

PRINT 1,A,J
ISKIP=2
GO TO 4001

4001 GO TO 4002
9999 CONTINUE

END
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Appendix II

Intercorrelations Among Aptitude Tests
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Intercorrelations Among Aptitude Tests (continued)

177

7 9 10 11 12

1

2

3

4

5

6

8 3968 *WA WM.. 410

9 3271 4882 .N.I1101.811.4111*

10 3799 3494 3631 21=1,i1.1,i1IPON6

11 2577 4751 2433 3124 41110.001.14.

12 3912 5706 4338 3300 4726

13 3324 4686 4048 3520 4293 4542

14 3591 5325 3738 3115 4199 5477

15 1937 2410 3844 0746 1319 3313

16 1173 2319 1784 1263 2511 2365

17 1968 2811 3312 3005 2251 2832

18 1621 1992 0601 2027 1394 0546

19 3543 3584 2912 2222 2469 4581

20 2248 3903 2990 1733 2447 4433

21 1619 2070 2417 2090 2480 2184

22 2048 3374 2602 2090 1783 3126

23 1030 2293 2115 1439 0985 1812

24 1912 2456 2568 1710 1621 1809



_ ..... .

Intercorrelations Among Aptitude Tests (continued)
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Intecorrelatiols Among Aptitude Tests (continued)
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